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REMARKS 

Entry of the foregoing and further and favorable reconsideration of the subject 
application, in light of the following remarks, are respectfully requested. By this 
amendment, claims 6 and 10 have been canceled, without prejudice or disclaimer to the 
subject matter disclosed therein. Claim 1 has been amended to recite that the linker is a 
polypeptide linker. Support for this amendment can be found in claim 1 as originally filed. 
Claim 1 has also been amended to recite that the receptor can be a cytokine receptor or 
subunit thereof and the ligand can be a cytokine ligand or subunit thereof. Support for this 
amendment to claim 1 can be found, at the very least, on pages 2 and 3 of the specification 
as filed. Claims 2 and 3 have been amended merely to clarify the claims. Claim 11 has 
been amended to recite that either the conjugate itself or a plasmid which expresses the 
conjugate can be mixed with cells to influence the protein interaction. Support for this 
amendment can be found, at the very least, in Examples 4 and 5 and on page 5, lines 22- 
33, of the specification as filed. New claim 12 has been added. Support for new claim 12 
can be found, at the very least, on page 5, line 35, to page 6, line 6, of the specification as 
filed. Finally, the specification has been amended to include reference to SEQ ID Nos. 
No new matter has been added by the present amendment. 

Entry of this amendment is proper under 37 CP. R. §1.116 because the amendment 
places the application in condition for allowance for the reasons discussed herein; does not 
raise any new issue requiring further search and/or consideration; and places the 
application in better form for an appeal, should an appeal be necessary. The amendment is 
necessary and was not earlier presented because the applicants have not previously 
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responded to the rejections presented by the Examiner. Entry of the amendment is thus 
respectfully requested. 

Rejection of Claims 1-4, 6-9 and 11 Under 35 U.S.C, § 112, First Paragraph 

Claims 1-4, 6-9 and 11 have been rejected under 35 U.S.C. § 112, first paragraph, 
for purportedly not being enabled for a conjugate comprising a cytokine and its ligand that 
are linked by disulfide bonds. For at least all of the reasons set forth below, withdrawal of 
this rejection is believed to be in order. 

The claims have been amended to recite that the two polypeptides are linked by a 
polypeptide linker. Applicants of course reserve the right to pursue the canceled subject 
matter in a continuation application. 

In light of these remarks, applicants respectfully request withdrawal of this rejection 
under 35 U.S.C. § 112, first paragraph. 

Rejection of Claims 1-4, 6-9 and 11 Under 35 U.S.C. § 112, Second Paragraph 

Claims 1-4, 6-9 and 11 have been rejected under 35 U.S.C. § 112, second 
paragraph, for purportedly being indefinite. For at least all of the reasons set forth below, 
withdrawal of this rejection is believed to be in order. 

The claims have been amended to overcome each of the rejections under 35 U.S.C. 
§ 112, second paragraph. Specifically, claim 1 has been amended to recite that a 
polypeptide is the linker (thereby rendering moot the rejections of claim 1). Claims 2 and 
3 have been amended (as well as claim 1) to clarify what is meant by "subunit." Claim 11 
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has been amended to include clearly recited method steps and to clarify how the interaction 
between proteins is influenced. 

In light of these remarks, applicants respectfully request withdrawal of this rejection 
under 35 U.S.C. § 112, second paragraph. 

Rejection of Claims 1-4. 6-9 and 11 Under 35 U.S.C. § 103(a) 

Claims 1-4, 6-9 and 11 have been rejected under 35 U.S.C. § 103(a) for 
purportedly being obvious over Sui et al (PNAS 92:2859-2863 (1995)) and further in view 
of Wong et al (WO 96/04314). For at least all of the reasons set forth below, withdrawal 
of this rejection is believed to be in order. 

Sui et al disclose that the addition of soluble human IL6-receptor (sIL-6R), IL6 and 
stem cell factor (SCF) to hemopoietic progenitor cells leads to a stimulation of the 
expansion of these cells. Sui et al does not disclose or suggest a conjugate of a cytokine 
receptor and a cytokine. Although Sui et al discusses IL-6R/IL-6 complexes, the 
discussion is regarding complexes that are formed after administration. There is no 
disclosure by Sui et al of forming a complex between IL-6R and IL-6 prior to 
administration. See, for example, page 2860, column 1, "Clonal Culture" where it is 
discussed that various combinations of cytokines, with or without IL-6R, were plated. Sui 
et al only discloses what was mentioned in the introductory part of the present application 
(see third paragraph of page 1), i.e. the separate administration of IL6 and IL6-receptor, 

Wong et al disclose MHC fusion complexes that contain a MHC molecule with a 
peptide-binding groove and a presenting peptide covalently linked to the MHC molecule 
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via a polypeptide linker. These complexes are used to modulate the activity of T cells. 
Wong et al does not disclose or suggest a complex comprising a cytokine receptor and a 
cytokine linked by a polypeptide. The purpose of Wong et al is to provide a MHC-peptide 
complex v^hich can activate T-cells. The complex was formulated so that the MHC 
molecule and the peptide are positioned such that they can activate the T-cells. The 
presentation of a MHC molecule complexed with a peptide is completely different from the 
presentation of a cytokine complexed with a cytokine receptor. 

The applicants surprisingly found that with a conjugate according to the present 
invention, the effects of the individual polypeptides (i.e. the cytokine and cytokine 
receptor) can be increased dramatically. This is proven by the fact that expansion and 
colony formation of CD34+ cells can be increased by 300% as compared to the separate 
addition of IL-6 and IL-6 receptor (see Example 5 in the application as filed). 

A conjugate according to the present invention also serves for influencing liver cells 
so as to stimulate the haptoglobin expression many times over as compared to the separate 
addition of IL-6 and IL-6 receptor (see Example 4 in the application as filed). By using a 
conjugate according to the present invention, diseased liyer tissue can be regenerated 
completely, which is not possible with the use of individual polypeptides. Reference is 
made in this connection to enclosed U.S. Patent No. 5,919,763 (Galun), attached hereto as 
Exhibit A, and the enclosed documents Galun et al (FASEB J. 14: 1979-1987 (2000)) 
(Exhibit B) and Hecht et al (MoL Therapy 5:683-687 (2001)) (Exhibit C). 

The fact that references can be combined or modified is not sufficient to establish 
prima facie obviousness. The prior art must suggest the desirability of the combination. 
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See MPEP Sec. 2143.01. Since Sui et al does not disclose or even suggest the 
administration or use of a cytokine/cytokine receptor complex, and since the complex 
disclosed by Wong et al is completely different from that of the present invention (i.e. it 
does not comprise either a cytokine or a cytokine receptor) there would be no motivation to 
combine the disclosures of these two references to arrive at the present invention, i.e. a 
complex comprising a cytokine and a cytokine receptor. Thus, the Examiner has not 
established a prima facie case of obviousness. 

Even if there was a motivation to produce a complex comprising a cytokine and a 
cytokine receptor, there would be no expectation of obtaining the unexpectedly superior 
properties of such a complex. Evidence of unobvious or unexpected advantageous 
properties, such as superiority in a property the claimed compound shares with the prior 
art, can rebut prima facie obviousness. See MPEP Sec. 716.02(a). Thus, even if a case of 
prima facie obviousness was established, it is rebutted by the showing of unexpected 
superiority of the cytokine/cytokine receptor complex as compared to administration of the 
individual cytokines and cytokine receptors. 

In light of these remarks, applicants respectfully request withdrawal of this rejection 
under 35 U.S. C. § 103(a). 



CONCLUSION 

From the foregoing, further and favorable action in the form of a Notice of 
Allowance is believed to be next in order and such action is earnestly solicited. 
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In the event that there are any questions relating to this application, it would be 
appreciated if the Examiner would telephone the undersigned attorney concerning such 
questions so that prosecution of this application may be expedited. 

Respectfully submitted, 



Burns, Doane, Swecker & Mathis, L.L.P. 




P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Date: Mav 24. 2002 
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Attachment to Amendment and Reply dated May 24. 2002 

Marked-up Copy 

Page 6, Paragraph Beginning at Line 19 

1 shows the amino acid (SEP ID No:l) sequence ( and DNA sequence 
(SEP ID No: 2)) [sequence] of a fusion polypeptide H-IL-6 according 
to the invention. Sequences for the restriction enzyme Sail 
(GTCGAC), the signal peptide (MLAVGCALLAALLAAPGAA) and 
the linker (RGGGGSGGGGSGGGGSVE) are indicated. The linker 
links the CPPH terminus of human sIL-6R with the NH2 terminus of 
human IL-6.— 

Page 6, Paragraph Beginning at line 27 

2 shows the amino acid (SEP ID NP:3) sequence ( and DNA sequence 
(SEP ID NP:4)) [sequence] of a fusion polypeptide H-IL-6 
according to the invention. Sequences for the restriction enzyme Sail 
(GTCGAC), the signal peptide (MLAVGCALLAALLAAPGAA) and 
the linker (RGGGGSGGGGSVE) and indicated. The linker links the 
CPPH terminus of human sIL-6R with the NH2 terminus of IL-6.~ 



Page 6, Paragraph Beginning at line 35 
3 shows the amino acid sequence of the IL-6 polypeptide (SEP ID 

NP:5) present in a fusion polypeptide H-IL-6 according to the 
invention.— 



Application No. 09/142.471 
Attorney's Docket No. 012627-009 

Page 2 

Attachment to Amendment and Reply dated May 24. 2002 

Marked-up Copy 
Page 7, Paragraph Beginning at line 19 

-The DNA of fig. 1 was prepared. For this purpose, human IL-6R cDNA (Schooltink et 

al., Biochem. J. (1991) 277, 659-664) was used. This cDNA was cloned into the 

epression plasmid pCDM8 via restriction site Xho I (Miillberg et al., Eur. J. Immunol. 

(1993) 23, 473-480). By means of a polymerase chain reaction (PGR), an sIL-6R fragment 

was generated by using the primer (1) (pCDMB 5' primer: 5' 

TAATACGACTCACTATAGGG 3' (SEP ID NO: 6)) and primer (2) (sIL-6R 3' primer: 5' 
CCGCTCGAGCTGGAGGACTCCTGGA 3' (SEP ID NO: 7)) under normal conditions. 
After being cut with restriction enzymes Hind III and Xho I, this fragment was cloned into 
the open plasmid pCDMS. The plasmid pCDM8-sIL-6R formed. Thereafter, a second 
PGR reaction was carried out with IL-6 cDNA which has also been cloned into the 
expression plasmid pCDM8 by using Xho I. The primers (3) (IL-6-5' primer: 5' 
CGGCTCGAGCCAGTACCCCCAGGAGAA3' (SEP ID NO: 8)) and primer (4) (pCDMS 
3' primer: 5' CCACAGAAGTAAGGTTCCTT3' (SEP ID NO: 9)) were used. The PGR 
product was cut with restriction enzymes Xho I and Not I and cloned into plasmid pGDM8- 
SIL-6R. The plasmid pGDM8-sIL-6R-IL-6 formed. Thereafter, a synthetic linker was 
prepared which consisted of two oligonucleotides: primer (5) (5' 

TGGAGG AGGTGGAGGTTGTGGAGGTGGAGGTTGTGGAGGTGGAGGTTCTG 3 ' 
(SEP ID NP:10)) and primer (6) (5' 

TGGACAGAACGTCCAGGTGGAGAAGGTCCAGGTCGAGAACGTGGAGCTCG3' 
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Attachment to Amendment and Reply dated May 24. 2002 

Marked-up Copy 

(SEP ID NO: ID) . Oligonucleotides (5) and (6) were combined according to standard 
methods into a double strand and then cloned into the plasmid pCDM8-sIL-R-IL-6 digested 
by the restriction enzyme Xho I. The plasmid pCDM8-H-IL-6 formed.— 

Please replace the paragraph beginning on page 8, line 4, with the following: 
-The DNA of fig. 2 was prepared. For this purpose, the steps as described in Example 1 
were carried out. However, the following primers were used instead of [as] primers (5) 
and (6) , respectively : primer (71 [(5)] (5' 

TCGAGGAGGTGGAGGTTCTGGAGGTGGAGGTTCTG 3' (SEO ID NO: 12)) and 
primer £8} [(6)] (5' TCGACAGAACCTCCACCTCCAGAACCTCCACCTCC 3' (SEO ID 
NO: 13) ). The plasmid pCDM8-H-IL-6-(2) was obtained.-- 
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Attachment to Amendment and Reply dated May 24, 2002 

Marked-up Claims 1-3 and 11 

1 . (Twice Amended) A conjugate comprising two polypeptides with a mutual 

affinity, one polypeptide being a cytokine receptor , or a subunit thereof, and the other 
polypeptide being a cytokine , or a subunit thereof, as ligand and the polypeptides being 
linked with each other via a polypeptide linker [, wherein the linker is a disulfide bridge 
formed by two polypeptides or a polypeptide] . 

2. (Twice Amended) The conjugate according to claim 1, wherein the receptor is 
[present in the form of its] a subunit of a cytokine receptor and binds to said [binding the] 
ligand. 

3. (Twice Amended) The conjugate according to claim 1, wherein the cytokine is a 
subunit of a cytokine and binds to said [ligand is present in the form of its subunit binding 
the] receptor. 

1 1 . (Amended) A method for influencing the interaction between proteins 
comprising [using] incubating the conjugate according to [claim] any one of claims 1 to 4 
[along with the DNA coding for said conjugate] or the expression plasmid according to 
claim 8 with cells and determining said interaction . 
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Figure 1 1 Hyper-IL-i causes an accelerated reGonstlMhn of the liver 
weight Jblfowlng partial hepatectomy. , I , 

Imxnediaiedly foUowing a 50% partiul hepatectomy, IL^fi (20^ij5/mou3c), or 
HyperwlLfi (2 jis/"^ouse), or pliy$iologioal saline wufl injected imrnpleritonoally 
inio mice, At the time points Indicated in the ilguro, mice wore sacrificed, ihe 
remnani livers wctfi removed and the percentage ofliver weight increase 
compared to time 0 at hepatedoiny was determined (see Methods). iFour to six 
mice were operated at each time poiat in each treatment group. Mean values * 
stnndard deviations are presented. 
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Figure 2: Hypcr-lL-6 significantly accelerates Uvcr proHfiratlon In mice 
following partial hepatectoniy in mice. | 

Fortowing a 50% partial hcpfttectomy, (20 ^g/mous«), or Hypo^lL-« 
(2 ^g/mouse), or physiological saline was iryccted intrapcritoneally into mice. 
Onohour bcfot^ the mice were sacrificed, SO mg/kg body weight BrdU In PBS 
was iajcctcd iniraperitoneally into the mica. After removal of the remnant livers, 
the organs were fixed in 4% formaldehyde and embedded in paraffin, 'l issue 
sections were Bubjected to BrdU immunhistochemlsxry- The percentige of BrdU- 
positive iiuclet were couated m ac least three mice per treatment groxip. Mean 
values + standard deviation dre showtL 
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mallfinnTicy. damipp caumd tiy ftn ttiHoimmuM pjthoia0<al ^ disUlftdft-bfMfie connccitiig two amino adda aC 

ptocow, ood <l4fna8D eauaed by % V*'^^^^^'^^^^^^'^^, a, both polypoplWms; and a p^ptiO^ □»! oalyiwpiWj^. 

5flm*iie »uSBd by ihu wxic BubaUOCc ioclud^il utodhoilu « bimelocular nnwola conipl«)( Irtoludtai both 11^ aod 

• honjtutU and dma ioduc«d hopaiopubology, aIm d^^n ^ wdU m hiolosiodly iciJw pofiions »nd v^^^^ 

p/Bf^whly, aio|iBlhug^ni« • HepuUtb vinus. Also prbfejibly. jj^^^^ oonnMiod by s IJater The tofm "vorfauty" (n«™« 

the Injury lo llw livw is rtlwied from (he pcfitji oowIsHdb homologow pspUdo to eiihdr 1^6 or slL^SR, ftf 

Of ficui9 Hvflr fftnurt a&fk cbmnto Uvor ftRufc. - cxlinpU iofljudlns any aniioo acid|isul>6Uttitlou 

Aucofdiae IO another cmbodimeni of the prowm Uonft wWch mHl nwintJiin ih* J^f^^L"^ 

biuTy to a livcf. JuRpriiiOB » pliifimiicquiltwlly clTocivvc Oic mcmbnioc r««pior ft* lliw IIMA:U^6R wmpM whidi 

nni United 10 Uvcr datnosP cu^ by io« c *ub*iU«cj«, Vy "^^Jf^V ^'p^ij^plidcs wUhTflch other, TTksc ^»ioo 
incdi&ni«vl dboipiloo or trn»m*i by u mtHgnftW whc*M 40 paiynupiidci InchSo li HMmonslTy^R-poiypvpiide^^^Wii i» 

prtmory or hwu^uiiuiing from aivmhcr body Iimuc, by an „tri»i»llul*r Bubunii o|£ au i[ii^t1euWu-C-r««(nof and a 

auioimmuiw or oihftr gcnoiically-rcliicd Mlholofllcai huawn lL-fi-polypcpiti*«» wlwMby tbo polypeptides *n» con- 

nmecMi, or by i ttithogw ^u«h m any of iho group or ^^icd by diffbwni volywUdc-Uuf»« wiih each oUwr.TJo 

IlapaUilB viiustt. llie lems It^tay to thn liver- also cncom- Rotuwloit nuuibur tor I W b M14S84 <aunBaok Pwidn 
p»uv& owitc Of chronic IWur faftuns, m gOWJUlnw !n ^ Soquenocs Daiabaae), nild for ilw iaolubla IU6 rftocptoi* ia 

which Uv« laihiro hflfi not oocttwd M57230 ind M20566. j 

H«rolrt(tftpc ih<i term -a^Mir^fiK complox^ retis both - ^ y^riatJon of tht> wniniulijwlar protcjj, whiuh lijdudoa 

to a blmolcctilar protein eomplox Kvhtch foatuics baih tha oclda 114-325 inolUivd tern ih» sIWR- 

IU6 i»lypcptido a(u» lilL-fin. the loluMe IL-C ic«piur polypcntidp, is aba included. A fiwopd vortallftn "ududcs 

- ■ J«kli.4*ii tka r ,j „rt#* ^ ik^ ulf -/itt.ivitvnMllde 




iibof 

per 



AvxJbU linker, «bflamlB5y paviuualy described an m ^i^^^ cocnMn^Uofu aa prjvwiirtW dfecloMaift Pa 

PatBfli AppHcaUon No. PCr/DE97/D0458 and m t^iacbun M. Piiaai AppUcaiioo No. PCTlVOEQ^/OWSii and £n VisdiaM 

cial..//a/«»i(to«MA. IS, 142-145 <lW7),i«cwperaied by „| al,Afii/ww/i/tJf«:ft. IS, j 42-145 a^OTiarw also iijcMgd 
rvr«r«ncti i»i If My wi funli hunite, aA «h »*ny bfnlojif- „ ^ thtt^mmolt«n)lftf iwottite cmbodimeni of Ihe IL-bAiIL^OK 

tfally active cquiv&lentfi ilxtiraof. ootnpUix. | 

HcrciflaftcT» tbo lerm -Hyper-IL-6" r»£tfra to a unJntoloWr Hcremafler, il)e tofffl "irMlmcttl" includes boib *™' 

larpKilP(nwhUililti*:luilp*lhwbiOMav*spttrtioniofn^fiBnd waiioii of oUminaiioo of an oxBlina condilion jnfl 

slt-^R contuaaiid with a Qcxibic Ilpkcr» mbsutitiaUy u pjwonUon of the ftttncais of a dofidlilon. Jlopoinafter. lb* 

previously deu-Tibod ami ahown )d FlO» 1 oK PCT Patent tjjjm -IlcpiliiU virus" includat 4ny known iii cutisji 

AppKcotion Ko. Pa'/UEin/DWSB (roCstrod to •« "IWL^" ^i^^^ bepaiUU liwludina, bui aoi limited 10, H^paUua A» 

(n thtu rtfror«Ti(t»). C, i>i li and other variartU thereof 

Karalnaner, ihc t«m *'bio?oBlnUy active" rcfera lo noipp OESCUiraON OF THE DUAWlKOS 

mot«eul«^ or coTilplo»» thereof, which ^tt capable or T !l ^^7:^ h..rrin <j.^^tliad fav wv of example 
ejcerlinn an el&ci in a biological i^yalem. 6> Il» uivetttion is herein dciu^ltwd, by 

Ib^in^fteT^ term -.InMa iSd" reront lo both natuna only with fefcreo.e to the accompenymft drnwluft^. 

ami 8ynlhatia molecule* wlitch aw wpablc of fonning a Wlicrtio: 
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HG 1 sliaws ihai lfypcr-IL-6 caiwes «» accdcTUcd GXAMPI -U I 

rccowiininon of liviir wcigW tollnwing parlial hcpalcdomy ^^^^^ ^ ^ IL-OMll^flU Co^apleX io o Mtm« 
ill mice; imcncdiiuly foUowinc a 5«*pMli»l hspateciomy, tUpetifuwriil Model 

ihl Kmdinl liVEK were remttwd miJ pcwentag*! of liver tmdtnvem putial hepilrCWmjJ ln| «(lrte^ 1 1*''"^ «\ 

1^2" 3 .hev« BrfU Itf^Uiaa fclK-wing p«U«l l-p..«c- « «v.r welsh. (WOMM «l«»>«»>'^'a^<»^"°£- 
SS^Wiw toft 20 m tt-*! « WM cnfei «U. I^lween 6 Md 8 ^-f^IT,*^ ■ 

BrdU^^BS inject l«.«P-H.on...br.T.e.».r^ 3, W t^dS^US 

mice folb^ng ptntal bcpiiii>cioiDy, Upper panel: 24 \y^^fs aad AnAsrwfl rMSud loh«K li^ft hohtwJ 

« WML^boirt Ifler iha .penMion. blood wtt ^i,^ ,n injodiDn of phyrioloei<!.l «B»'-.Al»»' f^OMf" 

MsilliigWdMurilMlD«V«. " J|,|ly^BOVOdll«dlh«Jrweidlwasi«^^^ 

(JETAirJSD nESCRIPTlON OP TKfB PlliaENT ^„ dwicMicd *m Tivsr wciulil 2 m ilnw x". 'ITib P»WUB» 

irfVEWItON ofih»chiiott«Joci6»MordBO«iia»,iinlww»l|Woiil»»Mvo« 

which &MU.?IU6y^L^R S"'*l**J!'SS'?Si^^^^^^ SrUvT^i Tc^^r^S^i^ im!l!cd»Toly fixed In 4% 

nDn-lIrtinineilUiJUnirtvo-ximplwbAiou;. pi»r»lbni«i<wiy« (P» ; , 
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aeoilofis (5 mlooos) wcrt ogi on » luioxnome w»l adhcreO 
ID poly-lysine-coiilctl [ila:$d iabks. Staining of lUcU tlofuci 
saniples was darried oui usJub ahijbudy to HtdU 



gbbJn pcoiem increa:>o in Uto Aorum,' wbcreos ftie ifaainiuui 
wtfb HypcT-II-A njRuliod In » mijrtoBd olcvatiwi of ihc 
bipiOGitabln oooconifatten in Ibi! wmm. The bapiaglobui 
mRNA cooocnlrttTitn In the liver |airiittspontls t*riih ihe 



Whort the biplOftlol>in MTUTn auMtninlkin sna datr- 
miu»d ilt hopiiodOmifrfld mice 24 hours fol tewing ihe 
Oftfrmlun. mice rccuivm^ xalinc lf\|dcift>rw bIki lUid 4 rtui|h\ 
hiipiagloUto proicb elcvaiiArt fn ihelr &unnn ^ort oomp»«<l 
10 ift ittios whidi did coi UBitartd hftpJiaoioay- Tlw uttoimfffli 
wflh ftlOnu and wilb IIyp.o^lLr6 ratullcd iu 4 ccflipa- 
nibb ftamm ha^Rtoblu ooncantrauon wtieii coinp4/od la 
uiko whlcb did nnl unclun;^ hapaipfiiMny (11^1. 4» lower 
panel). 11>»e dfttA show thn i iho rs&aftsrAtlns livei lacAp&bk 



ubieoCftd to VftMstertJ b!oi uuiy&id Wing i W of mounlinii » norniai aaito phase pioiein ^VOM^- 
A hiiploalOTiifl wUttwdy (DokO, Oloaimp, IHnaj dais have demonslrHcd H ^ « " 



mwhfiniior Monnhelm) onatiUoM prolttbralloji cmll* (red s prouwn daia shown in wa 4 (dut» i.« i*^ 
miei*i) tbhc dlMinftuWn:4 Aom qtiiwcco; qpcs (blun u...-v»i«i.u ^hiih ^««=ni«iwin 

ctudad '1^ ImmunhiAloGbcmical ^oJ; was perComuJ b& 
rtutusftiod tiy the inamirteiu^r (Ui^U bbaHuia ind Ooioc* 
UoA kit by Uoehrln^«f Mannlioiffl) ood w do40r1b«d previ- 
ously**^. 

1^/ ih* drtefnwaiiim of hapto^tebin proiwn dcicrmlM* 
itnn (u (he saruni, one mlcroiricrt»Citturins wm wan lo«d«d 
lui A ^^S SOS g9l tod w«iv subjected Ui S^US-PAQIv t^i 
amlysis. Tbs wis blotted onLu a aiiroccUuIuM mcfU- 
brano and wa» buI' " ' ' ■ 

tAhbU bm^humftB 

?h^T^ Uge'ttBraUod in mio« following- panial hepaiecuimy Is 

TTt«r««ilmdeninn»iTarcdihaOrypcML.(iciu«Bina(^^ e^**)^""^*''^*^T'^:'!!:h^^^ 

fw»n0it«iiftnoe ihfl liver wsiuht followttie partial 2d l>«a^«^<<>^«I^f y/'"'«''^fP^^ 

ireaied wiOi lL-0. a^ahowii in LIO* 1. lioib UfllrBitKi 4&d 
IL-d-itoiud nltra 1m4 « ooniparable IttcrtfaHo of didr live/ 

welabi. Al 36 and 72 haan potl suf^ry, lL-6-iraH6d mice — r *- , , - » , ^ ^^iinn 

h.d\u8miy IU6h« liver u-"*"^ « TH^-'-i^.l'yj^rL'-l'i-^ 

mle6, a'hkb waa nei ftiadsiteaUy atepnlildaot, It) Ilypor-IL' 
iS-inMiitd mice, bowrvei; Uicpd was a dromaifc lucrBaso of 
tbo *lK'«f valtjbi ai 72 and 1 20 hartffi pow airfiory (p^OftS), 
M 163 b&oMi Iho Itvw woi^u ftC lU imtmeAt grmtr« had 
rcaohad thc(r baxclino wdfiht- 'Hwac dala <k;mwwaic for m 
ihft first lima thai the pct&»ncc oC <tit Ib-d/sIT^^R^omplex 



Ufc lIvoT &)||uwi(i|; panUI b«p»iei;tmiy j 
It a IvR-Nd bigtiur dosa^ ibnnj iho dcsfgoBr i^cokloe 
MyptfML-6 did not c«M«4 acoeleiafoci liver rv||Uit«'llIoD or 
Lopaiocyui pfoIiCBnUon compared lo untf"iwl animata. 



b ahlo »rt «igfllfloanily fnorBasw tha Hv«r wofahi nmtortuon 
IbUov^uigpardaLrtmovftl of ih« livftr. Mosl rttmafkably. lL-6 
alone did ooi Improve tho faic of liver wciyhl incrcaw in 
mlM In Ibis exparicaoatal qodel. , 
FIO* 3 dttoiontttraim ihut ihu inareai^ud rdia of wvl^ht gain 
found in mice receiving Vlypcr-lt-A Jfeaimcni U caujwd by 
ih« ftiAni5cani acc«Uraiioo of liver proli&rsdan hi Oicso 
mia:, when eomptr«<l in ooairttl ihibb and oilcfl raouvtoQ 



awl die mtofAtion of liver Ajncikiii? in rnitto Which hml 
\iAdcf&aae pahial |lop»Ub*tonny- 

Survival of R;nd with HdpMfttlc 1'«lluro 
• In onl« to Ksefltt Ihc ahllUytor llyper-II-S in ircai 



fultiiinant hcpalaUc failure (FHI?)> hW ww ihducvd ui flttur 
f»is. Tw al«i nwoii^ l■lyp^^^lL•6, one received hepaio- 
cytaa «ftd ow wCiiVod huniHn lLi6 alone. Hie rata wWdi 
roeeivul nypcr-lt--(i suivivad fbrover on^ monih. while ihtt 
Other iflifi died wilhiti 24-73 hjouis. Tha o<p«fifBcniol 
moilmrt wiK DA rollOWA. I 
Pbttc Mtle Spfai5ue-|>ewloy rata were UcpriVBd of food, 



IL-6 'irMtmcBL Qintiwl aoJ IL^ti-if^atcd aninaU Bbowed a O bm noiof driiikina vaujr* tir i? riourn. ^J*"«*» 

pwUOfOrdU-UbeIloriccIl5al72andi20bouripoBls.,iB«y. ^PCt^S Lp wiiyi^^CUlW^ 

ceniHgo or nrdUiiLlfvf> caibi w*f detected 1I5 Wly a»i 14 i^iluic wa^s indtiocd. 1\vu rate 'W^^*^* "J'^P^.^^T* 

and 36 hou»poa»irB«ry-'nxediEEgwflcewa» highly sta- miwotfnimfi, i.p.). f'nu rat rwc^lvoU huoiai 1^1= i«J 

dually SSl^^^^^ ^ inicfOBrams. i.p.)- One «t ^.c^yca a iransplantai.nn of 

encti of thoTLrd/aUfiU-complcx fflHrtwtHy «ccol*ntw Uvor »tyogcncio bepaiocyiw (2x10^ wit), 

niolifcralion whicb ivAllW in the Tast resloraliod of lbb liver Tho rat wbicb recttived humon I W «M 3^ nou« («lOf 

Uighl. irwtuioni, wbllO (hfl mi wlilcb ^ved the hcpalocytc 

mCi. 3 siiovw rcpTWWBlilK/0 ImmttiwliUttioJwmtOil untd- trtnaplwl died within 72 hnunt lOply the ajumils lieaUd 

las oQer 50* partial hopaifletoixiy (tmcfoalod (A<5, i*eaiid M wfth I typcr-I W suivivcd for oyer one ttomh bdBWd bolne 

wiih ''0 iiK IL^/fliouBc (A'-CO, or treated w1tb2/iB Hyper- sflcrinpwl. 'I^uk. Hyjiur-fl/^ wa»dOBrly vhU \i\ prolong iho 

11^6 <A"-CO: Mcriftad 24 bours (a. a'. A"). 30 l*ouw (B, - " ^ • " " — - 

rv, t>r 130 tKiuiM (C, ft". C*) Connwitag ^MHjeiy). Thu »wr»j 

repfd$«nt i00;fin. As diown, control mice and lL.-6-(ivBted 

mice do QQi have any BTdU-pOb1n've ocUfi detectable at 34 

and 5ti hiiiirv pu»t tturgery llowcvor, ai iImmu ilmu public. In 

Hypdr-IL-6Mreiiied oilco, Iberv U & bi^b number of BnlU- 

labeDod cells. 

FIC. 4 abows that the btpaiic aniie phase pniiek pto^ 



tire^pan of raift Suaering from faepaiic tulure. 

ammoftltiouH and Miiihodi of TVcaimenl wilb 
Hyp«r-Il|6 

Am descnbeii prvvtouly la the fi6«tion emttled ''^^immary 
Ihe Jnvenrion^r the iorni "tL-tf^ilWK complex" rafcrt 10 




portions n,. _ . 

JecuS wiS MlSr£6 llBw ^ in^i or Hype^ll^ft (2 «5 PC-lwilOTffKMSH, and uk Kiwher, M. el al../ri/mrt5/«ec/i. 
Kh^^ip^^^^^^^ 15. 142.145 (ITOT), as w^UwpliurflHiWdllonllyaoBcpUble 

injaottOD, \L-6 tivfltmfinl alone l<Mds to Kome ftlifibi hapiO- Mitfi thereof. I 
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ttit cumposiiion coni&ldlag <tw IL^IUOR uumplux, pbi b admlnUiered lo o mbjcci bcfons, ihiriog w tfuf 1iv6/ 

lod fn piriicular Hyp6>Tr^, cu be admiolsMiod- lo a trnvtplQnUtInn, or a cambinaiinvilor Uiuko ijmoivitnw »f 

subject In a numbor ot wDyrti Vriiigb w ^ell tofMMya fo itta admioistrflltoa ihsrOOJf, in ardvr to piuniulv ere>vi)i and 

nn. IJotolndOcr, tbo (cnn ^m^e^l" rofon «> Ute lniin9n or reBencroiian of UiO imfMplamcd U^^f. 

hwcr aohuoJ 1q whom llfllo&iglww wfc* administerMl. For A lUamulc* of ioJuriM W Ihfc liver (tor wbWlJ Wch a meitiod 

examplfc. admrnktmipn m^y bo dtrno lAptully Oftcluding of iroaimcw virould U suitable include bui bm no; limited to 

ophiulinittaUy, vagirtally, raatally, toiranaaally and by ^^^^ da«age ca\i*M| hy loarto Bub«iafieaji. ifiduding aloo- 

iniiaiaiiort), orkljy, t\t parcnlcally, rVir oximplo by wiiave. hopaiiris and diug induced huuoiop^ithy: Oimagc 

nov8 drip Of (nirapcfiionflil, aubcutnoMiui. or loiramiwrahi mouhanlwl ilfen>pilon tniuinu; Onni«a(i tfiuitud 

uijcetion, by a mail^aacy. wh«ib«r priiuaty or mciasuidsdDa Crom 

Parttcularly prttCcrrcd routes oC itlmtni-stniiicu include another budy ihsac; dm^^ cniutid by an aqtuiinutuna or 

parvnicraU iitftanaul and by tflhalatioo» other ftonctieany-ivUlcd p^iholog^ procmi and damage 

rtirmutaitOTifi br tnpleal admlrrtsiraiion may Inriode hiti ciuud by a poihoacn nicb &:> any of (ho srwp ofi lopilltU 

«r« not limited to mioni^ gini(nenr\ gel*. croDm*, vinBcsJochidtasdominanivirilftepailiia/llKsionii^Wury 

mijypnuioHMi dnipfs liquida, apreyi and powdccL OnnvDn". " Ut tbif Uwt" fit«o eacQmpR9!»oft acutii ai chronio liver caihire, 

Uonal pbanniCsUb'ttl carriccs. iqUMHia* powder or oUy {neludUlglulAirtani befiaiie fa[|iirel uwoll aacondi'tioiisia 

btOM, (htckcnon) ami ih& like may be pecmry or dKtraiiic, which liver UUuto \Mi» iioi ocoirodj indudlua uuy «»ndIlioa 

Cnmpttrntfoos tor oral wSmloiHraiPn include powdera or f^tnrine a raduoiion o£ liver ftineiiooa Irom a aubstaniliuy 

graoutc.i. tfUttpeasioA? or tsohilidnx in ^valer ot non-aqudova ^ nnrnial level. 

incdia, Kachvbi, tta^lvn or Uh\(iUi, IhkytMjvurs, ditucnbi. Ilio ifitm "Licating" fiictudoK vniultoratlng, allcvlslinBor 

llavurini^i di&per&iiig alrta, emutElftcn or falndcia miiy be Buliiuniialiy Mlmfnattng a liver injury, as ai cubsun* 

dminlilu. 1,'Atly proveniina a Uvcr Injury, j 

l^rmulutkktf for parantaral odmiQUraUim Mby Ireludv ■ whila fho (flvefltion bas been dc^-ribcd Witb r*«pcei to a 

bin are itfii limited to sieiib aqueous wiluUiuu mny ^ ^^^^ ^up,!^ cmbodlmtfnhi» ii win be apprvcu(u4 tbal 

.also coniafn hiilioni, dUuonu and oihor wfiabl* addiiiw. uiany variaiions. wodificftiloaaantt Other appliiailiotwof iho 

Duaina ii depcndaol On the severity o( the fiyiDploms ind iovonllflD in&y be mada. j 

on llie rejq>oasiven«» of tho xuhjBci to the (I^IUfiU isdainiBd U; 

CD<tipl^O(, tg wll OS Qu the panteultr ombodinieai ftdrainlo ^ mii\\\od for trcaiiau an Ifjulfy Ift a liver of « isnbjtses, 
lered. Poraon* of nrdldaiy rfcili in iho art tttt ewih delcT' ao eqmprifling iJie sicp of adminlHikrinfii to Ui» auUjeci, a 

nioc dpiimum doi^g^B, dosing mdliodoJoaies und rcpdti- phannaoctrticaUy acceptable mcMni ct an ll^/alUeR 

lion rftlUK. ooaiplcK in a phurcnacuitically aBoepmble carrier, such thai 

As hum] pruviMlaly, Ihc CDinpi»»illnnii Cbiiml ki ho uAiful ^hc ffjury to the liver ia leotttiul. | 

l/i the meihudu of lbs present invenUon (nvldde the 2, Tliu method of ehfm 1, vviereirt aaUl IL-£^IU6H 

iUj^W ctimplux. TiK mclhuda of the prcssnl inventfuo uri ^ cmnpluc tK IlypeMI^-tf. i 

uac&il lur lliQ ireatmcQl of iqjuiy to the livac.lltefbUewrflfl 3. -fhc meihod Of Ol&lm 1. ^aref/l aaid lU6/ilL^K 

oxaiAple ia an i11u£ira||on only of a melltod of tMAliiiti aucb cifnplcR (h udminii^crtu] in ilxi aujaject purvnui rally, 

an injury i n the liver, and is not kioncied to be limiting In any 4. 1>>e method of cliiim 1, wherein the ituury to the Uver 

way^ ia aelmilea frOQl the ^oup ooiui&jlng of reduelMn of liver 

Tha method iachidea the aiap of idmlnlaierlne the iwin- ^ iiioction from a iturmal level caused by a iokib Mbaiaqee, 

poaill<^n Itwludiiig Ihe ll<dA)U<-4U complex, in a pliarma- rtdtwtion uf Hvcr &flcl[Oii from a nonnal level eatwed by 

ccuiically aeeeptable oarriar a-sdeiaarlbed above, co a snhja.'i machanical trauipa, rcdMatop of llv«r action Ihiai a nor^ 

tu be treattd. The cnmpiKiitieo profwahly fbauires Hyper- inal level eauaed by a malliiattiicly. atld wAicUon of liver 

1V5 m the emfaodimem of the IL^/5lL-6A oginpkMC. The I^ineiion rrom a normal level cau-scd hy a pathA&en. 
cernpoitiiionitudrtiidatflieaaooofdIngiDincIEectivudoainA ^ S.7tc nicUiod of claim wucrwn said reduction of liver 

methodology, pft^mbly noiil a predcftntd endpomi u lluiratonfroTnamirmalleveloaiuiedbymidiuxieaabAt^ 

readied, wbieb could uibIuUo one or moro (»f tlia fuQuwieg; ioebuka Alcoholic hepatlUs and i^u^ xodiieetf hepaiopathy. 

a nennalized Icvdof uoa^ulationfacsorsS er7; normaliaicd ^ Ttje mathitU uf claim 4. wbcrcio Mid palhoutfn i)i a 

piDihronAbifi lime; the ahftonec of hepatic coccphslnpathy; Hi^tiiui vini^ , 

tMimu^fud leva la uC livur eoxyme^ «ueh as e^actata ami* 7. llie tneihod of claJoi 4. wherein (be ii^piry lu the liver 

notraMlcnuie end olanliK armootfaosfcraae; add AOnnalixed la »ledDd (him Uio gmuji conxiaring of aouto liver failure 

amAOUin fevcls. ami chmnb Ifver fnfluru. ■ 

In a prclSttrred DmbocliQiBni of lha melbod of tba pm-seni 

(nveniion, lha compotdlion incliulins tbe ll,«6^alU6U eom- i • • #• 



i 



22/05 2002 16:13 FAX +49 «9 43778899 



HUBER & SCHUESSLER PAT 



BURNS DOANE 

<tx oar I. ' 



@024/032 



liver regen ration induced by a designer! human ILr6/ 
sIL-6R fufidon protein reverses severe hepatocellular 
iiquiy 

EnUAN CALUN,*-* ' EVELYN 2mA, ♦'^ OIUT PAPPO,' MALTE PETTERS* AND 
STEFAN ROSE-JOHN^ 

^Goldyno Snvad Institute uf Genu Tharapy< "^iver Unic. and ^'T>epartm(|nt of Padiolagy Hada&^ah 
UnWcntiy Haapiial« Jcrunalami Ittraol; and K Medizinische Kllnt^. Abteiliine: PachophyslolA|^«. 
Johanna Gutenberg Unfversitat, }4z\n/n Germany 



iOtffmcT I1i6c^ldneII/>6plag«af;l0ntfi€atitrDle 
In lever icgcnCfaUon in cotjuncilOD with adAaooid 
grtywtb £Bctois (HCT, TNr<4k, ittd TGF^x). MiafR^ 
effects depeod ad a luturo^^ oocaning soluble XU6 
receptor (gTL^. Hnvi die cbimeric procdfl hypc^ 

constniflted fiwm the hinnim prafce^ 
a truacaied fonn of lis reeeptor, foond fo hsivc 
mjpemgonisidc ILti propertiei, and ad iiuch, eptiaoced 
IWer oellregeneratioii. HyperODLrfi levecaed the state of 
Itepatotosd^ and ehha&eed die fimrlral rates of rats 
mffering from fubninant hepatio failure after 1>^o* 
loaamSne adnunliitzation. The l^pez4Lr6 protein h&4 a 
tugniiicaat poiendaL for use fai ttie treaimeat of nevere 
humaaUverdiacBsea^ — Gahm»E.AZar&,£„Pflppo, O., 
PeCen, M.^ Roso-John« S* tsw regenmtion induced 
by a designer human iLC/alL^R f^don protein re- 
verses severe hepatoccllubir injucy- FASEB /» 14^ 
1979-1087 (SOOO) 



Kiiy W^txk: irU^iHaukin 6 - chimeric proidn ' * ef- 



FlkjvonaM'i' hki'atic tAiuuKit (PHF) IS a dinical con* 
dition with H high mortaUiy nice: mora than half of thts 
patients su&ring firosa the devastadng dlnical condi- 
tion Wilt nntsunivewiihoucemefBenq^lEyer cranspianp 
lation (LT^) (1 ) . Very few of ihose panonts ui nood ot* 
I-Tx will bo ubitf to undergo dus therapy in due drae, 
Andean i)iom who do have an expected 1 year survival 
race after iraniiplantadoii of only -^60% (1). Vsuious 
prevtsntJvi! measures have heen «ugge«tad for FHF 
(2-5) I buL Ihoao arc of Hulc ute diucu kuvciv Uupatu> 
ri>xicii,y or FHF are unpredlcted events ard therefore 
CHH only 1x3 ciliated whan dia|^uid 

One of the criitses of death by FHF is liver cell 
Apopinslh or hepaiocyie deaih through necrosis, as 
.seen in tho caiiu of acute hepatitis A virus Infecdon 
(6), Thus, FHF ralgbi bo cured by fectors that a>uld 
infhu:ft liver cell reetenennion (7-10). It lu&a roconUy 
l)eon re|>nrted lhai liver cell pruliCcmtiun u uIbo 
enhanced l>y huerleuJdn tt (U^) (11^ IS). ILrtt binds 



to cells through the ujfi receptor a (XL^Hu, gp80). 
ihud fkciliuiduf; lot iateracdon with a second IL/^ 
rucoptoT moluculo, IL^R0 (gpl30). E^GRa can alfio 
he found as a whiblc if>rotein that is thought to he 
g^erated eillier by llzulted proteolysiB of the mem- 
brane4}eun4 receptor i( 13) or by cnmflladon of an 
aliernadvely spliced mRNA (14)» In a process called 
*rnin»«igna]ine:\ soluble IL^ (BiL6R) has been 
shown to vensidxe uq^t cells (1 ^) and to cause celLs 
that do not express mecnbrane-bound li^^iRa to he 
responsive to ILr6 (16 17), Marked hepatocellular 
hyperplasia it soon In Ijl/^/sTT^ receptor (1Ir6/s]Lr 
tiR) double trunsgrenic mice, but not in sin^^o craii&- 
gfenic IU6 mice; suggestinif diac alL^R recruitfl U/^ 
unresponsive hepatoc)jies to proliferation (IS, 19). 
KccenUyi a tluilon pi]0teln called hypor-IW was 
constructed, consisting of human XLS and the hU' 
man sILr6R connected by a flexible peptide chain 
(!^0), Hyper-lLr6 was sliown to exlilbit a. high acdvity 
level on gplSO-expresujng celh both in viPrv (20) and 
in vrr/tf (?l). It appears ilm the hyper-U^-B ftision 
protein acoi as a supjerag'onifit by frimulaiing (he 
interaction bttwoen and HlL^Ra (20). 

In die present fttudy, jwe have aweased the effects of 
hyper-ILr4) in Jndudnjf liepnCoc^ltular pruliferHdon 
;md liver cell rejifeneration in viiH), wiUi die aiiti of 
determining Its potential therapeudc value. 



MATERIALS AND METHODS 

i 

Gofifitnictioa, fiyntb<kai«i md pudficftdon of Ae 
recomblfiukt Auion protaln hypei4X<fi 

We used a cassette consUfiiiff of'huniiLn kIUGR cPKA (rorrr- 

ainnding m Rmino ncid rksfdoes ilU-Sija) and liumaii ILO 
UNA (MnrrjijMmdInff ro amino arid reaidues ^9-21 2) (iisecl 
\Ky ft mnubirtic DNA Itn kor cedl ng Tor the nmlno wid susquenco 
Ar^)^lr01)f^l;^f^ly'Gl)^l)^J>sSk»rVpl-Clu. We fon- 



; Cioldyn^ 
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inmcrrtl rhis cHSteiitf ufcing polym«raiio ctiain reaction Tech- 
nology; U9lrtff the rttidiinon eruymea Jim^l and KcdM^ we 

{Invlirogen, Ssin DiogOi CSnlif.) . Cl^vwi of die Blgnal (Mrptftlc 
ftlier Secretion by nnafected ycitist €CU« lefuls the ^ecr^Lon 
of the fiision protein hy|>^^lMi wilh an NH^nninal exten- 
aioii or 8 amino Rcld midnrs (ClM-L]«^^^^GluAla-GluAla- 
Tyr). llifi tttfomblnnnt hypor-H*^ (IMl-r<i) pmieip ^ piiri- 
llwl from yeaJl flwpcmannta ljy amloi>«cclianBr 
clirtiniHiotg'mphy and gal niirAtloti and then visualized Uy 
sodium doddcyl tfWlfbW'polyftCTytomldn gtl cilmrophoiYaJ* 
Mnd tiifvor (training. Tlic cirailar dtcbroiam spcctm ufll'^L^ 
(KoIynnB FiW; pH 7.4) revculed ihft ocpiHil^d l«G0hdary 
N|4'ire(urc ccin^cnt of die (uslwt prOidn (SO)i 

P-gpol roi nonlethal ^elre hqkotorosddiy modol 

Wn slightly modlHctd {itvi Mcvw) r4lft nale Fischer rat iriodel 
in which a sraie of oonletlial acnrarc Ucputoto^ddLy was crcoied 
by tlic appllcodon of I>i{sdactasamlne (I^)- To detcmune 
the level of hepatocoxldty. we xucd this foHowinj: clinical 
hiochemical firlieriu /) blood gtuoosu levels, since liypogtycp 
TniH ia lndiice<l ivy tlie fviltim of liv^r licuneoitatjc mecha* 
nUiTu; 2; bilirubin levebr, vincct Jaundice often accompanies 
ucwic tWor Ir^lnry: ^> cftc MmkJ level uf aluuUic u^nifenud 
(AT.,T), iitiice Jiuch hcpauxyte t-ytusoUc eazyni6 irftnsamlnaiev 
urts itittouied J HID I he bloatl when liver ctillo an; Injured. In 
n<1rl1rion, ftin/^O moft? hlond cnngiiJiidon fkctora Mre {jradiiced 
in Uic Uver. Ill *tfv«r0 Kcuie Uver disease ihe proditaion of 
rnnf^iilMlon fitcrors In iypi<«Jty reducecl. Cotigiilsujon fecionf V 
iMid VII have II short L|/ji of lesi Than B h. so wo AhOAo.to 
mtiASirre ilieir seram levels to fbltow the courxe of dvr liver 
mury, IWJiinrr wc ^mini«tered the riuulu of Uie liver 
Puncdon turn wero md Iblloyw ^meaiv ? sD| fi»8)i glucoce 
R4:rl!) ni^%< r.rkUffijlailon ftccor V H9z 41%; coagulation 
fnrior Vn 9%± 1 0%i Al-T (.U., and bilirubin 0 ilM/I. 

For rliAKct stvidlrd used male fisher rac weighing lAO- 
'imi ^ (flttrl»n, Aninu4l Bmading Ceaier» Jeitjsalem, Israel) 
dial, worn fed r ^midanl dltt of rai chow aiid ts^ water and 
hniutnd In Ktandnrd ^ilidtdi at room LempeniUtre of S5*G 
widi » iS li day/nlghi cycle. Alter ihe reus hud lasted for Ifi h, 
nciiie liver damage wnt Inducnd fay the lonmp^rirAneal (i.pt) 
)t<1ininii(imL(0n or 1O0-5OO vng/kg body wctglit dosc« ofD^ 
(Slf^nm ObRmlcttJ Co.» GOSM. Ismul) dismlved In 0*9% NaCI 
mid ndhunvd wirh 1 N NaOH to pTT 6.8, Aft^cr llic injeedon <»f 
D-gHl, die r4Vi were Pasted for oil addiuonnl iSI hi biU WcCr 
pi-uvidcd wldt water conialning 109& gliiooac ii4 t0itm CO 
tnnlnMin the blood glucose Ufvel. To deUinmlne tl\Q opdmal 
doic of I>j^l for inducing severe but nonledial hepaioroxlc* 
Iry, fWo groups of two rats each received a single Lp. dose of 
1 00 m^, SOO mg. SOO mg. 400 mg, or 50Q Tn^/kg bMly weight 
lr\]e£don of l>gaL The rendta of a P-gal <luNe reafionae 
iiKIHtriineni CRg- 1) reeled ifiat these rats developed rho 
liepuiomxic effect aller the administradoA of 300 mg/kg 
of b-gal. We ii&ed ihii.- dotage In later cypertmonM donlgnod xn 
nasQss die elYecb of hyperJ7/6) fl ffi, and gUircMc (reaimanpt 
(Mr» 8); below. 

D-gul malo FLrahur Tvt FHF model 

Tiir d<)HHge of rccjulred fur J 00% mortfdlty of mal^ mtt 
rrvfriifn^l in W Awta et^^Attkn expcrrinottnl ;n which malu 
lOscher mis wore ii^ectad i.p, wiOi at dosages nf l> l.8i 
nr 1 .4 Rvn/lMf body utrright (fig. 3). In slmlhir cxpeririieciU on 
fotrmlc Fischer rau (antmal weight 130-170 g)* di(» do«e 
response stirvival oxpcrlmenc was conducted wltli dutres range 
1x1 ween lOfl and 1400 mgAg. All thr. fr.maln Hninudfl died 
wlien veacetd with D-gal at » dose ol'SOU mg/ks or higher 




Flgnre I. 'I'he opdntal dosage ofD^ for titduclfig nonleU^al 
Q£Uta liver dotmagu was 300 ihg/kg. To deiennlne ihe optimal 
duse of for inducing ijevere heptttficoNldlv, a single i-p. 
dote of bjffd ai^ (t dosage of 100 nig, SCO mg« 900 mg. 400 mg, 
or 500 mg/Kg body weight ilu Inlvctcrd Into each mennber of 
five pain of rais. After aominiatrationf die r«iU we^ 
futtd txct pr for 1 0% gluco^ In wstter imiwn to penniE ihe 

mBlnieruUlce of Noud glucAse lavr.lm After 1 2 h, tlic level uf 
hcpatocoxldty was evaluated as reflected by hypoglycemU 
(4). decreases in blood euoguladon f^cton V (•) and VI 
(▲). increased hllintbin as »h indication ofjaundIc« (O). and 
Increased Mood levels of alanine tmimrcniMi (Al.T) (x)« 



AHscuaameBt of Kvar tiell prdttfaratlon hy f{4iroaio-2'' 
deoicyuTidivu (BrdU) iacprporation 

We stssessed fiMftr regeneraddn (ti ^fleeted 1iy celt prollTenuion 
measured by Urdu imnmnoliiatoluglad sialning (aec Fig. fi). 
One and S h before kiUing Inimaltt, an Ip. irdccdon of afBS 
soludon oClhe ihyn^idine ftnyog Wirotno-S'-deo)cynriHinc (Sig- 
ma Chemical Co.) was iidmln|Uiered at a dose of &0 m^%e body 
vveighL livens were harvesietl anil Rxed In 4% fi>nmJdehyde 
buffer. An uutuntateil Uasue procx-jaickr WM liwd Ibr Aieadun, 
followed by Itver embedding in porafttni Tlsiue fiecdons (4^ ii,) 
werci cut on a nVfcrotomc and adhered to poly-LrlysineKsaiied 
glM5 slldoG. Staining of fiitcd ^ss^tc samples wu canried o\ii indng 
tin andbody to BrdU (Zymi^. SaivTrancisco, Callt). entlUing 

die pn>rifcraiinff cella (rt^d bidd) to bo diittngubhcd from 
ochens (blue nuclei). The bnmunohisiOGhemttfU amdy was pe^ 
fanned accoftHng in die manutotjitr's iiistn^cunns (Zyoied 
HtxSU labeling fthd dcrociionj Idi). 

Thjotuieiaiiude fTAA) VBP |mt model 

i 

A TAA dose I'et.pOAse stLdy w^ conditeted wiih male 
Sprague-Uawley itint (wdgik 180-220 g) tlmt received TAA 
ill 5 iril Efiliiie tidininiJiUired i.p. daily for S consecutive dayt:. 
Tu liiweiti hypuglycemla and hypolulmtiia, at 12 li inun^ 
vnla after the initial TAA iqljecdon the animals were nenied 
wiili siibciicaneogic lr\jec(fonfl of 25 ml/kg body weight of 
dexLrose/0.45% saline conLainlng so niEq/i K&i i.p. 
ttdmlnlscradon of TAA at AOQ mg/kgTkody Wulgh^ Induced 
death from FHP in I00%! of Uiese Tnulc Sprngue-Duwley 
rnis. i 

Atteftfling Uver oell apoptosls with the TUNEt aoay 

Male Fischer rvw were traAetl with P^al ai ft doaapc of SOO 
nig/kg body weigliti 7 h latc^r they were tm&tod i.p. witb either 
ai RO ^tg/rAl or IllW at fl im/™!- IVo days after the 
I>gal injecdons. U»e liver* ivcrr liarvesferl fixnd \j% 4% fonn- 
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S<vere litip*iitou>¥klly ww> finclMcc<l in 12 male Fisher nils 

£ 40 li;!^ ^ I ^ li-:^ "^S/kff wdglit). Tlic \na were tlicn (atied except for 

10% glucose: in wmcr a4 HMfum in order lo maiiiuin blood 
l^lllCOyc |r:vrlR. Srvni hnura larer, the animals were divided 
inio three rreatmenc groups of four animalt each. 'I*he 
<inimalii vftrrn frcmtttd wtph 5 ml of |0% giucoM (soppJed ban), 
80 m{ of Uuiiwii IL^O (wliiifr \3Hm). ur R of the chlmerk 
proieio hypei^lL^ (HlL-S; jsiriped bant). On dayv Q> 2. Eti 
and 7. tmiituil from e^ich ir^aTmenc ^roirp w»9 ^ilhn\ m<S its blond wai m a^i^csd liver damagu tmm\ rimcUoA a» r«necl«d 
tiy Ihc hloml IcvcIh of btllnihln (>1). ALT glucusc (Oi cua^oiluUnn Aicior V </>). und cuuf^ilHUon ftuttor Vll (K). 



Hltlniiyrlfi HndpRminn r.rnheuldefl. A|N>pcaiiiii wuk exiunlnetl In 
fbin »ecdoii«r ua atfvuytfd by dlr«ct Immunoperoxldiutt lo 
i\mc{ <liBoxiQ^nin-lAb«l«d ffonomir DKAi Aa a poihlvo eon- 
irol we utitd itttlQua ireftt«fl with UNw I lo iticK nil DNA (1 
fi{(/in]. dei^rmined altera prellminAry dilution experiment): 
ihr M iiepiU\« (umutil, w« uHftd itectiOfM Lli&L were only 
Imtnerved In Tdt buffer conmlnliift 8 utM or Ulodii dUTP. 
Tlu! TlJNKf, HiAlnIng wtM prApurctd ucconlintf lo (iimllARd 
protocol of IVoehrlnger Mannheim, (Indlanapolli, Ind.). VI- 
HUhl linaflTM onXrNKlHfijilnod «lldeK wnr^i Otpiured wlt)l M 
ilif^ial ciiijiftra uuached to a microscope. ApdpfoUc cell* were 
iilrnUArfl at thr rnlof tlirrahold xct (dart iiniwn) for J)',H^ 
dbminubeiuddjne leinthyd roc hlo ride. 



RESULTS 



Esnbllfihlng a severe liepaiotoxicicy rat aninuil 
model 



To mtus ilie rtfTeclB ofjihe HILr6 fusion prcitoin <^ 
DiJHj-irtilucetd ucvcre Hvcr chmm^ts in ruts, yfo (iovt^K 
OpOd a model uSiuR Nlalu flaher rattt to which wc 
HdjninuLcred i>gal in alnKle dose of 300 JUg/kjt 
body wei^lii (Vi^. 1). Wo asscs^od Che hepaiocoxidcy 
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n^e K/pef^lLp^ itnprovea il^o tiiirylval otmalo ran Croacod 
with D-gul U) Induce: IcUmI FHF. A) The aiirvlval rale of nude 
Fischrr ni» (IxkI^ y/c\ght 150-^00 g) wus mcMiitored pmce 
daily afrtir rtirty wnrci lnjr.r.(nd l.p, with IV(pil HI doiciffat i (S 
1.2 (3 ma).or J.4 (5 mo) gAs bodywciRhi, /IJRach of 
19 rruile lAKchr.r nttei inject i.p. wlUi I>f3al ai n fuui) 
ituTtiKc vf J.4 (;/bg body wdj^llU ScrcH hOii($ lAtci*. ibe 
anlmflTH vrerr inviflnrl Into chntc: ircaimcnc gnuips nf Ave, 
Aovfuii nnd mcvon Af)<1 rrtntrcd as dc3(r.r1?w1 fhr hlg. 2. 

of iho D-fjal by moaaunnf^ fipecific liver funcUona 
refl&cr^d by iihnngeft af v^riou.s maleculfis in the 
scrum (Pig. J ). X>-gal caused ihc synih<si\c funcllon of 
liver cells Lo be reduced to very low levels as shown by 
vho senini acifvity of aKiguluciou SACVon V hiuI VU. 
The increased levels of serum leveb of ALT, n 
heptidc <7tosol!c enTymer and of bilirubin alHo 
pomuxf 10 liver cell impalrmenir I>-gal-ireaced ata 
rtlsu jiuJFcrcd frum mild liypogfycemia, known lo 
coinddo with hcputic fiUluro. 

Hyper-XL€ relieves nonleduU tievere bepxtoto^dcity 
in a rat model 

Ufiing i^lrtle rnU lrea<^ with P-gal to induce severe 
hepamtoxicity, we compared the «^ect& uf hyp«fr^ 



IL-ti LO Uiose of hum'ln 11^ or of glucose. Heven 
houni after the i.p. iojecdon of iVgal, we admin'w- 
cer^d hyper-Ilr^. 11^. or glucose (Kee legend U> Ptg« 
2). The failure of liver homuoatatic mechanUm Ifi 
known. u> be accompftlnJed by various physiolnglral 
changes, which we m<inlcored In D-gal-treati^d rats. 
Jaundice is a duni^nonj manlfestatioa of acute liver 
iiTjiiiy, «> we measui*ed serum bilirubin levels (Fig» 
sixullarly, acute Itver dama^ is accompanied by 
ihe relisase into the hjlood of bepaiocyte cytosoUc 
enzymes die liver transamina.scs« Including ALT (Fig. 
2ft, and of hypoglycemia (Fig. 2Q. Most blood 
coagulation fectora arc produced in the liver, and 
Revere acute liver disease is known Lu lead lo a 
reduction in liie prodiiciion of coaguladon &ctoirs 
(1). Since boib the c(^giiladon factors V and VH 
have a shori half4iv«sj (cl/2 < fl h), we chose tn 
follow the synibcdc funLtion of the liver by mea6U^ 
ing the i(jrvQlH of coa(vuiadon factors V (Fig. 2D) and 
VII (Fig, 2F). When iS-gal-ireated mtB wore subse- 
qucnliy IrcatcU with cutber glucose or ILr6, bilirubin 
levels remained high (>60mmoi/l) (Fig. 2A), tu4 did 
ALT levels (>flOOO lU/l) (Flff. ZB} and, to some 
exLont, hypoglycemia (^65 mg%) (Fig, 2Q, indicat- 
ing that there wafj no relief of the severe bcpaioiox- 
icUy, Furthennore, thcl production of both coagula- 
don £iccors V (Fig. 2D} and VII (Fig, 2E) decreased 
to below 10% of cho ntbrmal acdvity level. Note that 
I'roiii day ^ must of Ihojto liver functions rbturned lo 
iiurmal, SiiggcSLlng liuil the gQ:oli of the D'gal in this 
model In trannient and U followed by spontaneous 
liver regcnemiiou. In concr42tt to the liver fUncdotlD 
of the II 4^ and glucosej-created grotipBi there was no 
indication of severe hepacocoxfciiy In tlie byper-IIr6- 
crcated group (Fig. 24-/0. We observed similar 
resulur when wc repeatt'd xhim experiment three 
dmes. Thus, it appears| thai byper-IL^ reversed (he 
toxic efifect of J>gal, We hypothefilr^d that the reveiv 
sal of the toxic dfect of iSgal by hyper-IL4 might 
take place by the induction of liver regeneration, 
t 

Tbc effect of hypcr^LiG on survival of cats with 

Having a9cercalned that HIL-6 reversed die toxic 
ct!'ccts of D-gaJ on liver flmctlon (Fig. 2), we wanted 
CO teat whether inL-6 jcould Improve survival af^r 
the udmimsnudon of high lethal doses of I>|fa1 to 
Induce FKF* We li^jecicd D-gai at a ciosago of 1.4 
mg/kg body weight to male Fischer rats and alter 7 h 
uduituisiAirod a single liifecdon of hyper-'IL4, XLS, or 
ghicuAi; (hoc IrgcfHl u> Ifig. 3). All the animnls trcHtod 
with IL-B ur gliicojie died after ^.5 days (Fig. flfl). Two 
of the Heven animals riieated with hype^IL6 survived 
for more than 14 days.| We understood these rosuhs 
lo suggest thai hypeML-0 could induce liver regen* 
tiration even in a hlglilji' auingeni FHF rat model. 
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Hyper-II>b but not IL^ kuprarea isiimval uf 
Female Fbdier nts yttih FHF 




To ct^nfinn thai the re&ulcs of thu expoiiinentA wiih 
male FiMitsr faiA wcro not fiex blued, >ve repeated the 
cxpcrtmenu lining tcQiuie flschej' rate. Seven houn: 
aflcr i.p, lr\Jection at a dosage of -^00 rng/Hg 
Yuydy weight lo Induce f HF. th«se female rats wc^ 
uncuLed widi hyper-IT^, Tt>6i or glucose (dose ad- 
minisiered as in previouK expciixucub)i After .24 h. 
Htl itu^ rata in aJI die treacmenc gmups werd silll Mlve 
(Pig. 4). However, hy day 3 only 1 of die 10 control 
animals Jiufvived (glucuito- und ILr6-lreated groups). 
In contrast, 4 uf thv 5 aniitiala treated with hyp^rAlAj 
were alive. Thefic results aapported our previous 
re&nlifi showU)g thai hypcpUX) cuu pn2vctii rat deadi 
(.hiik«k1 by liver hincdon Eiilure. We then wanted m 
explore our hypocfacNib diat hypep-n/6 acts hy stim- 
iilatinff hepatoqw prolifiGrradon. 

Hie effect of hyper-IL^ on hepatocyte 
proJiferTidon 

We e)tamined the livei^ from female Fischer rats 
(itiHied finst with T>^ and then wiUi hyper-ILr6, 
lUrl), or glucose as described above (Fig. 4); aRcr 2 or 
B days, the rM were puh^d with firdU for immiino 
liifliuiOfflcaL siaining (Ftg. 5). We mode more dian 10 
tow>po\yfir field microscopic examinadona. One day 
afl^r D^al Injecdon, 40-f)0% of die hepatocytes in 
the hyper-U>6-tnjaU:d pfi'OlIp WefC Br4lJ po^itiV«» 
(Fi^^ BQ /O. However, in die groupie troaiod with IL6 
(Mg, fttt /V) or glucoAe (Fig. 6A, D) there were fewer 
ihaa 10% BrdU-poHltlvo cullM. The reitulte for each 
l»ruup werc gimUar oil day 3 (data not flhown). ThuB, 
we had predicted, die dierapeudc capacliy of 
liyper^M) is it!i potendal to sahrage from death 
animals suOering from FHF, 



Flgnre i. Hyper 
Ib6 improve! the 
^urvtvnriif fermile 
RUfi ireaied with 
l>f[Eil [o inducT 
IclJIttl fXIF. niF 
YtM ifiduced in 
Ifi fbrwIcFlichcr 

TOpi (htwly^Bl'f 
150-170 tO by 
Ip, injec- 
lion* nr M a 
leUial dodagtf ol' 
aOO mg/kg body 
weigh I. Seven 
Itoiira later diey 
w^n*u divfdod into dirk»t tnoument groupt of roiir. »nd fivo 

urifl inavtrct us tlctiLril>eJ in Lh« legend (6 1'^. 9, 



LIVFli HEHEWERATION RCVCWiW UtiPA'lOCtaULAH INIUUT 





f1;{iirQ The ePfect ttrii^icjr-IL-fl on l^e$>»tocyic prollremrlon 
ill Uitt Ixven of rvmaic Fischer rao wich yHP. »9 qsMSsed fay 
fmTniinomiiuiloKlciil «iiifnina for BrtlU. .Sewn* hisfMiouuuciijr 
WQi (riduceJ in female Fificner rou by i.p. ii\j«cUon ori>gAl. 
Seven hours laien tlio rats J/oro (llvtttod Into ihree (raacn^pnt 
groups (:i-4 animals perl group) and treated with 1Q% 
glncow (A, /)), llrA U\ /njor liyptrr-n.^ (ft FancU A-^; 
aiT low-power images; panels O. >f; ahH PAtt highpowcr 
im^e^ or panels A, Z^, and U respecqvely, IWo dayi after rhc 
HdmiplJiiTuijori tif IH^^I, itic mis were pulled wiUi BrdU; the 
were (Jiirii killed and die Iivbis were IjarvisLed and 
prep'4red fur niicroitcopy aftj described in Maiehali and Molh- 
txlK. Hie number of po^iii^ BriAU ctslls ir) low^powor Aeld A 
woB less rhrto 5%; In pand /i U ww Iwh tlwn 1 0% and In |«uii:l 



Hie early effect of hyj^r-V^ in IVgal-hiduced 
FHF 

I 

In our itiiLial cxpcriincijil^ we observed die e£Fecifl of 
hypo^n^ on D-ga]4ndiuced hepacotosddzy (Fig, 2) 
during th<s first 40 h after D^gal injection. We were 
inieresied In defining the earllsGc point at which die 
phyRlotogical ofPucts i4 treatment hy hypfi^-IL^ 
would conttnence. Severe hepatotoxidty was in- 
duced with D-gal, and I treatments with hypei^iWi 
iL6, or glucose were admin bte ted according to the 
proioccd debcribed abcive. Tn anlmab created widi 
tiypcr-UrO 5 h Afier t)y(>cMl^} u^aunenl (that h, 
1 2 h after t>i;r*^ adiulnlutrudun) , ihe activity of £&cior 
V started to increase (Kg. SA), At the end of the flnst 
day, die acdvity lovola or both cuagidHiiuii fnciora V 
and VU bocamo nonnali^d (i^g. B). In conirui, 
at d^e end of the first day the acdvides of die 
coaguladozi iaciorft V oiU VU in both control groups 
remained verr low. Thlsi suggests that die dierapeudc 
effect of hypcr-iirfS fitana shordy utter administra- 
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Figure 6i 'l1ic shortHrrm RfTRCCA of hyrMr|v6 on saycrc 
nr>nliirhftl PiriiHndnr«»| hcpuAmxidty In mltr mi». The 

rx|x:riiiit:nl«nu conducbrti us dctMrtlMd tn ihd legend Fig. 

1' uxtepi iliai Uiert wttrtj 10 10 ao mn in cadi treaunem 
^uiip. At each time |>ulni| ft>iir to Ave mu frurn curli 
irr^rmrm (;rmip wrm kUlerl And thcrlr hlood wsu tuM to 
aiijity^ tvcUvitlen of cottgulHdon fiictor V f/jiiud fiictor vn 
f/fX OSulInc ii«Uheraiu«fi(1 hApmroxicitynorSnrroModrdl 
prorileration. 'llirce l>gal ftnd ihrce telinc administered 
(5 and K mn in riv-h group, remeriivftly) wtfre vnsiM 
witli friticofc, TL^, and UJlfCt w dc^flcribfrd for flj;. S. 

flon* vhlch rouW have. slg^jHcant mmlHcsirfons clln» 
ical HppllL'atlum. 

We furrhsr itv»liwt«<l the potentiaJ of IDW to 
i^veite Ute hepauxoxiciiy effect oTD-gal in the short 
i,crn). Wu tf))s«ivcd iiicruascd ALT IcvuIh (tig. 6C) io 
all I ho gmiipfl to which D-gal wa^ si/lminisLorod, 
However, thlfl eilect w reversed 21 h later if ihe 
HfilmHiK wciv M'CHU)<1 vritK HILS. On day 3, liislolof^^ 
iuU uxaruinution livon: of the glucoso- and 



ireated animals (data not rtown) fdveaJert sewitt 
liver pathology eimilar ic tlu.^ chtinffM showii in Ilr. 

As an addici aal cooiroli wc compared animals 
Iroiiied with LV^l to diose treated with saiiiiu, (hun 
7 li Itticr with Klucofie, lLr€, or Tn thesfi 

rdine-treaced rw, we observed no increane In the 
leveUafALTffig, 6Ci or bilirubin (data not shown) 
nor did our histolofficiu cxammatjan reveal signs of 
liver dyafuncdon (dliia| not shown). Two days after 
miamuint wlrit saline instead or i>gal> die level of 
DrdU incorporation in all throo groups was the ftame 
and ohRerved in less thian 19^ of khu cells (data not 
shown). I 
i 

Hyp^'JLS rescues nasjsDffering trom TAAr 
induced fHF 

Rats in which FHF was Induced by TAA yftus divided 
Jnu> dir«e iTea(^ftntgr(>ups of 10 each. Tbiny hours 
af^jcr tfie Indnrdnn of IfHl^ each i^ioupvas trmtcd 
i,p. with 5 ml 10% glucose, IL^ (BO H<g/aniinal)« or 
hyper IL6 (8 j^g/animaJ). Note that the amount of 
hyper-ITr6 administered per animal wds I0€a\d less 
than die amount of Tiki administered per animal. 
f>r) day 4afcer Ittducdon of FHF, 1 of the 10 animnlt 
treated wi Ji glucose survived, 2 of the 1 0 treated with 
ILr^ wvived, and 4 of the 10 treated with HILr6 
survived (data not shown), llieiic results furdior 
ttupport Uic* hypoilic^ls that treatment hy hypeHL4> 
is prcdoniblu lo u eamionc hy lUB. 



The effect of on 



l[><gaMnduced gpopiotda 



l>gal is known lo induce significant apopcosis, al* 
ihough thA ^art meclu^nism for Uiis effeci Is noi 
known (2^). As cxpucwij, we found that 2 days after 
rais were treated wldx HILrB after the inductinn of 
severe hepatoma ciiy^ Llloiti whk a significantly lower 
level of apoptodc cells than when die animals were 
treated with 11^^ (Figl B) or [{Ivlo^c (dam not 
shown). 1 



DISCUSSION 

l*orminally dtfiPercntiatJd heparcKyreR nan undergo 
sustained cell pmllferaiion. Ovenurf and coUoagueti 
(2.H) have shown that It| the hereditary tyrosinemia 
type I model, fewer than 10,000 hepacocytcs can 
ropopulate a compierx)| liver. This proce« of liver 
regeneraUon 1b enhanced hy several cytokincN, par- 
Uculurly by 11^ (7). It^ cscens its effect through its 
iniontciion wi(h one of Ilh mccptoKt lUSKtt. To- 
geiher they form a complex that induces the ho- 
inudlmurlttidon uf two gplBO signal iransduction 
molecules (20. 24). Tlie .soluble fomi of IL-^Ra 
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(KfTXil^) c^ufieR n/^Ro^/gplsO-f- celb lu be i^*8pon' 
to nr€ (25), In both TNF-Rl- and ILF«>defidei» 
rnitut, liver rvgenemUon iR KlgnfficanUy Impaired (11. 
2r0, In lioifi I'^css liver rcgonftraiirtn cnuld hn r<s 
»iiowf| u> nonnM by iroaui^cni wiih olihor ILr6 or 
with ilio IL^ATL^R complex. An explanation for 
U)o ef^bct t>F die Il,-6/Klir6R complex CdJl be bascd 
on iUt rcauiLM of e;tperin\cnM on nilco singfly (r^ns- 
genic for 11^ alone or doubly uwiHgenic fur both 
and sitrGL U U poajiible Uut dlb ireaimcAi 



Figure liver histology of 
mm 3 days after I>{|n] atfinlf>- 
ucration and nibfieqiteoc ireat- 
num'r. with glutote {A, iw^ 
pctwtv; li lilgh-power) or 

hi^i-pOMir). Noie ihc noniitil 
urcldtccturR vlrh (or«t ma(v 
tYnvslcijlur stcsituflfi Bnd 
KupfRrr cull hypefpla^ia Id Uio 
livrr nf rfm hypcr-ltr^Kmatnrl 
uiiinuil- In c»npft»u dif livnni 
of Jie gliiaMc or fW (m4ii 
Khowii) *tn4Ced milniuts 
showed marked cholai^iolar 
prolifemdon, mild Inllanirnu- 
rion, macfDvedculv MittiUOBntt 
And talUM'ninff degenendon. 



bypttNiics the need for li^F-KH, suggiisting a role Cbr 
GF130 aignalin(( in liver regeneration (9» 27» 2B}. A4i 
explanation for thtt elrf)C( of ihe Ttr^/sIL^R com- 
pile comcii tmn eKp<^rfinen<A wiUi mice eiilier tnuvs- 
gcnic for iL^> or doublyltrHnagonlc for both Ilrfi and 
ftll Ml. Tn do\ibly cramgenic sTL^R/IL^ mice, the 
aU.AtiR n^oleculu AClS Asmn midior |ibr Ih^, reitultiu|j^ 
in prolonged plasma h|air-4ire for IL€. The celb abo 
l>eeome dramud^ally senfritized to ILr6 (18). The 
presence of ihe ILr^/sIikiR complex In doubly tnmfi- 




3}\rt A), reduces 1tv«r 

I «nnpw»ij in male rais wirh 
IW mdnr«d by liver In- 
jury wi» induced In rau by TV 
(pl; 7 h hur, di« rao were 
: rrrrtM wirh H/^ or HIT/*, Tw» 
i dnys Ineer, ihc liven of die 
crejucctd Hpfmiib wMrc hiin^cui«d 
and a&stecd fur Hpot>W>ltf t>r 
fhc "itlNRL ?wf, In Ihe Iwcr^ 
of Urfi-trtauid W, mort than 
H0% of )iepaiDCy(e nuclei weiv 
apnpcoHr. (4, lftin^pnv«n M 
I liiuU'Uowtfr). hi the liven Of 
1 intrAwtauui rntfc frwr-r diwi 
I S0% <jf haputocyto fvucld were 
; apopcotic (brown «iatnlng) (Q 
Imw-powor; />, high-power). 



I.IV|;« KECKNieRATION KEVIMSES HtVAIOClLLULAK PSflURY 
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g(inio mice ulan htuf a marked effect op hepatocyio 
pailiKtimiion. >vhich Ifl n^t nbSL^ryud in mice iranfi^ 
yrun'tc for flS abne OA. 19). These FindingB 
prompted us to develop a cieaigner cytokine, which 
wo liave called hyper-ilr€. thai cuniisi) orilr5 co- 
vHtcntly linked to ^he 5lI>6R ihroujirh a fleicible 
aihinn Jicild linker. Wo found hypc^TL4 to be lOft. to 
IOO(^u|d uiutv uctive than the comblnAcion ot'cho 
scpmie protetnK lUj.And slL^K (SO, 21) 

Here wu ropori on the in ^/iv6 f&bUity of die 
hyper-n^ {.ytokiae to rcvorae bcitli suMethal and 
lodiul hupaioiozic duTiage Induced by l^i^i In mis. 
In our ft^perimeiLts, noiiher gluootte nor cmild 
wphco hxpe^^^. When aw l>ti;al-indocert livei* 
dAcniige WAS frnWechitl^ liver cclb starred tn prolifwr^ 
ate shortly after croatment with hyper-IU> and tho 
uuic. injury was reversed in less than 24 h (>1^ 6). 
The recovery in mis treated wfrh Urt> or glucose 
otctirred Hlinuli^eously 24 to 48 h laroii Kugipjsdttg 
that iliiH delayed event spontaneous, pouibly 
rclAicd to endogcnoiiK genehidon of JL^ and sIT/^R 
or a panel of cyiakinet; and growth iacton. Note, 
however, chat 1(>-fold more (1^ (HO ftg) was used 
than hyper-lM (8 M-g). Moreover, vft found only 
minor patholo({^cal aiterailonR the liver hiitolugy of 
ihc hypcr-lT retreated group, whereas the livers of 
animals In the two control f^roups reveaJud Mwrc 
liver damage. Theuii chaaires pensliiiied in xhu Hvenr of 
ihc rL-6- and gluuoiie-treuied rai« and were detected 
on day ^ {fi^^. *?A, 20< In contraat, at the tiaine dmo we 
found cmly ininar paihologicil alr^nuiona in ilio 
hypcHtrS-trcaied animals (Fig:. C, 0)t m^c»\in^ 
(hat (he cherapeucic L*ffuct of liyper-TIr^ Ih Ar.hleved 
rhrotigh enhanced hepatocytc proUtbrntion. Win 
early rt>covcry of the hypeMIi-6-ireated |;roup w6 
ol^erved histologically cuinctded wiUi a comploto 
ivcovery of hcpaiocyie synthcdc fiincuons, appar- 
eni from the .^erum activity levek of coagulation 
racu)ni V and VII and normalirAdon of the levels of 
serum blllnihln. ghicoae, and AX-T (Figs, 2 and 6). 
Furthermore, In alt tliree of our suingcnt models, 
treatment wirh hypcr-LL6 siguificantty Improved tho 
Jtiirvival race of rau wlUi D-ga}-induced FHF. 

Alihou^h ai this time we can only KpecuLate on (he 
mechanism hy whlcli hypor-lfXJ reverRes liver toxlo 
Ity, we propose a hypothetical algoridim for this 
eflecu D-|;ral xui};iu iiKlune apoptoKlR hy itensitlzlng 
ihft liver <:ens to TNK-« (29, 30), The doslKner 
L7iokino hypej^-ll^ in a poient acdvator of the signal 
rraT)(;ducev and an acdvator of transcription STAT3 
(31). Roih in trilro and *w t/»W, hyper-IU6 is more 
than lO-fold more e/Tecdve than ILf6 In slimulaiing 
HTATA-dependent gene tranMiHpdon in liver laslk, 
STATO iM known to be involved in Uvor regeneration 
kind in abo antkipoptntic (32i 39). Together, die^e 
lUcDi Mtmngly :£uggest that the acth'adng die gplSO 
^\^m\ iranKduction pathway may Induce enhanced 



cell prulif (Oration. In fac :» wu observed that HIL^ did 
have a sp^mg anti-apoptnUc eft'ect (Fig. 8), ft is 
possible ihal (his effect iku^ht be indua«d by H1I>6 
gp]30 signaling the activation of STAT-B (34). Thus, 
based on these ideas ami on the results that we have 
reported here, we propose diat hyper-IL6 has an 
antkipop^otJc e^tict tbiit revemcs the D-gal heputo- 
ujxidty and enhances liver reganeradon. It h also 
known diat patitnei vjitb liver damage Lave in- 
creased scrum IL^. IL^Isdmulaces the pruducdon of 
icuce-phase proteins (cI^m haptoglobin), and dieve 
prou^ins have recendy ihean tbund to induce dse 
shedding of IM5R froinn macropbagcs (55). The 
rcsuldng increase in blood levels oif slL^ would 
thereby be expected toicnbaitcc the direa eSbct of 
JL^ on liver regeneradon. 

We have shown that the fusion protein hyper-TL-6 
has a marked sdixsuiaUne effect on liver re^^eradon 
in rat FHF and severe jhepatotoxlclty models. Our 
results point hodi to an important rule fur slI^GK 
during liver regeneraiioK and suggest, that hypa^TLf6 
haji a signitiuunt diei^peuUc potendal wliereby It 
could be uScd 10 ruvcho the state of FHF or to 
enhance liver regeueration in various clinical condl- 
dons related to acute or cbiuuic liver datuage. ^ 

Wc Lhank Mmlna tflscher for rhe prspftmcloti of txM^onil>l- 
tiariL iind hyper-IL^. aiild E^d Cyain, Nlli DsiKlL Mall 
Kea}nel, and Dr. i>hmuel Cillis for technical siippon, Wc hIao 
rhi^nk Dra. IlilUv C^'luti nnil MicliiU Roll for («vlewtng chv 
rc:fx>n. F. U. WarahawDadon fbr edlilng the maaoicrlpr, nnri 
Yac*l f^U for prftparacion oFilie inan\i££rfpL This iiudv whs 
«ippoitcttJ \vf gnuiLH ui £.0. Trom Uie Harold and Daien 
Orintspoun roiindation an^ by. gmnu to SJL^J. firoiii (he: 
Ouiiiflche Konchunffffffumcinschaft <Bnnn, Cenaany) and ihe 
Srifhinft Tnnovntlon fiir Khe;lnlBn<l Pfklz (Mainz, Germany). 
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Hyper-IL-6 Gene Therapy Rev rses Fulminant 
Hepatic Failure 

Naama Hecht,*-^ Orlt Pappo,* Daniel Shouval,* Stefan Rose-John,^ 
Eithan Galun,^ "* and Jonathan H. Axelrod* '' ; 

j 
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1 

Fulminant Hepatic failure b a fiatastrophio condition caused by massive hepptocodular apeptusTs 
and necrosis. Inhibition of hapatocyte apoptosis and the enhancement of the endogenous poten- 
tial for liver regeneration coufd potentially form an effective basis for treatment of this condrtion* 
In response to lri|ury In the J{ver< 11^ mediates the acute-phase response and Induces twth 
cy toprotective and mitogenic ainctions. Hypei^lL^ is a superagonistic designer cytokine consisting 
of human lL-6 linked by a flexible peptide chain to the secreted (arm of the 11-6 receptor. In a 
mouse model of acuta liver failure induced tvy o^galactosamtne administration/ a single low dose of 
a hyper«IL-6*encoding adenoviral vector, In contrast to an adeno-IL-6 vector, maintained liver 
function, prevented the progression of llvar necrosis, and induced Irver iregeneratioa leading to 
dramatically enhanced survival. Thus, hyper-IL^S gene therapy may be usbful for the treatment of 
njimlnant hepatic failurer which is often fatal even following treatment by transplantation. 

K$y Wards; fulminant hepatic failure; gene therapy; IL-6/slL-6R; gp130 hypersiimuia- 

Uon; p*galactosamine. { 



Introduction 

I'Ulmlnanr. hapacic failure (PHF) remains one of the more 
challenglDg conditloas In clinical madlclTie today (1). ft 5s 
caused by massive hepatocellular apoptofiU and nacrosis 
that can be induced by many factors. Includjiig viral 
hepaUlis. chemical- and dnig-retated toxicity, and meta- 
hAllc disorders (2-4). As a result of the lack of effective 
theraplajf arid due to various compHcatlons, the mortality 
rate from PIIF U high, exceeding 6096 (1. 2). Inhibition of 
hepatocyto apopiosls and the enhancement of the endog- 
enouR potiiOtiAl for liver regeneration could potentially bo 
an efffecfivH ha.Ms for the treatment of FHF (6. 6), 

Following ir^jury. the liver has a remarkable capacity to 
restore msjor tissue loss through fogeneration (6). The 
molecular signaling mediating hepeiocyte prollfafatlon 
during iiver regeneration is a complex process involving 
priming factors, Including tumor necrosis flacior-a and 
lnterIeukln-6 (IL-8), aod a number of growth factors, of 
which hapatacyr^ growth factor and transforming growth 
l>ictor-a appear to be most important (6). 

IL-6 is a plelotr^plc cytokine (7). which mediates the 
ncutG-phase response in the liver and lias iooth cyccpro- 



* r<i M/hOffl coraspondonco and fOprint rcqucata t^]i\ fae siidnsaiBd. Fdc 
n72-2-n42033e. R-ouiU: axelrod»liadactsalvorf(.U or galun(9ma2.lu^tjiull 



tectlve and mitogenic functions (6). 11-6 is a meniber of e 
family of cytokines that act vip receptor compleiies con- 
taining at least one sutninit of the transmembrane signal 
transducing protein gfj 130 (8). On target cells, DL-6 acis by 
binding to a specific transmembrane cognate receptor 
(gp80 or IL-6R), whichi triggei^ the homodimerlzatlon of 
gpl50 and leads co the activation of the Jak/Stat signaling 
pathway (8. fl). Hyper-TL-6 Is a superagonistic designer 
cytokine camls(:ing ofl human TL-G linked by a flexible 
peptide chain to a soluble form of the IL-8 receptor (slL- 
6R1 (JO. U), j 

In this ^tudy we havle explored the potential of hyper- 
IL-ti gene therapy usirlg adenoviral vectors to maintain 
liver function, prevent: the progression of liver necrosis, 
and Induce liver regeneration as a treatment for FHF. 



Matiwals and Methods 

AniffOia, Mala C57H1/Q mice (Hartan Animal IWIUig Ctintar, JorusaloirO 
aae 4 "5 weeks were lUedi Acute Uvcr Aiiluru was iiuiuced by ImrBparltonoal 
tulnklnbcrotlon of 2S-aO n>g per movse or a D-fiabeiUDittttini: (D>fi»D 
(SlAiiui) ifolutiori. pnirxtnMl in 0.9% mllne ncUttited te pH wich l.O N 
NaOI 1. 10 nUca. PoUawinft c-gal fidmlflJimcton mlcfivmrftk^pt 

under f^ung condlUorv for an uiUHEloruil U h. (ka provided wlih water 
conialnlng 10% glucose Ad libitum In uniur w malnrain BlUfXWHi ttsvftl^- 
'lYfiRmiem of mice w|Th virus eg or control sdlutianfit tn a volume ofQ. \ ml. 
WAA perfbnnBd by InifftpcfUo^al UMocaon 7 U pcat-i>-£al admlnlstraflon. 
Scruifi s^iipifw wont obulnecl from created mlco hy bloodlns IVuni llui laii 
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FIGr 1. Adeno^/irai vector 
Ad,HiL66rp. (a) The 
rooombirtAm actonovtrel vaetm 
Ad.H[L68rp contains tha CMV 
imiTWMlirttti-Mily 
enJiancer/promotor (CmV). a 
chimertG fntron {Oi and a 
Diclsironio gene containing 

^.&^kh r\ypctr-IL-6 (HIL^ 
cDNA. Mlowad tiy 
pol}ov)ru5 IRES Qr) and an 
onnanced green fluorescence 
protein gond (gfp)« rooowed 
by tfie lo(e SV40 
polyadenylDtlon site in on 
EI/H'-dalated Ad5 tuckbona 
t12). (b) Semm hy|»f-ll--e 
levets in normiil mJcB {n =» 10) 
thot ruculvttd a lingld OOU 
(ip)o(10"TU AdmBCffp. 
Values are nveans :t nandard 
eoor of mean. 
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vein. In ocperlmenri Involving jwni sawkn^ of Uk: iinimab rollowlna 
Induction of liver dnm^s*, s^iparaw sots cf animoSs \*^efe sampl«d on rhe 

AAnmrltttt vtwYAT rt>iwncf/no anrf pttjmratiofl. Adcnovirtl vectOW were 
consmjrrwl iwing 'N* A<ll£a!?y By<wrn (12). Ad-HIL6(iEi? wafl cowtfwued 
icihig a bumnn liyper-Jt-C cDNa gonfi coding the human sll'-6K (j\vt\\no 
Hricl nwinvic* l-axiO nnd hunim IW (mnino add f»iduo4 29-Zi2) Aised 
by B synrlneitc PNA llnkar coding for die unOno add seqMence Arg-c;iy* 
Cly-Cly Str ClrClrCiiy ttly Ser-VBl-Olu (10). In tfrdor lo allow conve* 
nifmt nioriltorins cf ^d^novi/al tramducrlon end ijene (qqrrnMlon, a lildtt- 
tronic hypo^lL-CyiKltS CfK>IInvlnijO/Bfl' fiMne constfuci was made by 
tifiarion of « 5naDC-Nofl DNa fraftmenT conwInUifl a |KirUan of the CMV 
prnn»on?r «itd ttio hyiwr-IL 6 [ifine derived from «h« wrpreiislon plasznid 
pCl-HII ^ to The eamot wtten in cho plafimld pCBMtR82lef(ft> (a kind gift ham 
W. Undennwler, OHK Hnin-vwick. Cmiarty). To pfcpare the Ad,Htl^g<p 
vlnjs omsffuCT. an Aenr-NnA DNA ftu^nonl from pGKMhllGIHIfJ^gfp con- 
raining rite <!:M V promotEr-ilrivun I IKB^ gone consmict won rionwl tpto 
I he to^KV Kiw of pShutUu and MibMqu^ntly introduced I wo (he 
pAdl'Asy*! veftmr hy hooMilogoitf rocombinatlon in lyslBS fiftlln, fw de- 
wihftil m. AclJlJUSgfp wH!i Muju&l from pAdEasy-HlLSgfi) by wmfec- 
lion in 293 wite and platiw purtflud twice by llmltlnfi dllurion. The 
A<I.IL6Kllp viriu wns mnsmirtad In a dmibr manner lutn^ che human IL*6 
rDNA, Vn<tfo^nvKHarefi rronnewa oxputoicm vms eonfirmed ^ analyils of 
conditioned media from edenovirel uector-trdnsduced 203 or HUH-7 oelU 
un UAP/3/gpl30 and BAP/3/0pl3U/ll'^(i IndicBtor fitoll Uhm (IP)* vhJch 
m d^p^ndenr an hyptiHl^ ^ U«-0, rospeolvelyi tor cell proHfRTRrtoTi. 
The mntfQl vlnis. Ad.glt), ww WnUly lirovidcd by H. Ciladl (Hadassab 
Madlail Orgianlaarion) and was consnuctetl l>y lioriiolot'Oufi feeQnrt)lna- 
(|on «f iiAiniasy-l wsUi Lhfl pAd- Track shuttle vWJOr (12), For largo^calfi 
HtlDriovifBl prfipanitJons. 203 ceUs cultured on 1&-an <UHhwt tii DMEM 
nj))pluiiiunuid wlUi 1096 Teul calf serum and 2 mM gjutomiiu! wovi in^ 
tooU tiL u iiitilUpbdly of Inrectlon of I -5 and grown far 2-3 days. ITlfl 
InftsuKd colls were ihen rollerfed hy fenrrlftigarinn (SSOOO^r fur s min) tuid 
vkUKM hBfvcsinl by fumtlo lytfiv (Lhruo cycles of frfwVrhAVtlng) of cells In 
41 «ulullon or PRS (cnielnlng Q.GA mM CaCl^. O.SO rnV ^C\^, and tO% 
|{ly<»mi. Tho <^I1 extrHctK wore ciitm darined by cenui (ligation ar lo.otuy 
fur 4 inih i\t rooni Luiti|ieralitfe arKi sfored M -HOKl for una In ttrilrrail 
KiudlcM. VtTdl iucx« woro darartnlned by Inf^r^an of 2BA cuIU ojliAirad bi 
tWOm and ticanul J-2 days after Lnfiecdon by vlHUiillxadun of il>e 
fifp marher uiina an Inverted fluonwnunt* microscope. 

S^m blikJmnlsUy ami lUfi viueyittjyiUdtad inmiunaSDibertt fissiiy (Ht-ISA)- 
Scrum alanine amlnorrerw^eraM* (AU) and aspamce amlnotransftntttt 



^J^O Ictvelfi ^veril dotenninQd usln(l a IRcflotron (Rochu) urid Redotron Cefir 
j^lpraagurits. NonmilcaJf soriim waausad mdUutaaamplcawlthtranJiom- 
InaBulvvula 111 exc^oraw eway linear ranSEc* Hyp^I^ human Jtr6 
JavttU m mouse serum v^rere dtwmlned using a PelMne Coini»«(!t huiruin 
IL-6 ELBA kl( (CLB. AmiTerdim). which Is speclflc for human iLS, 

Htstoiosks^l flnd iaimUMhiSttKt\emic6l wflru/natftwi. Paraffin-omboddfid 
vecUofU were Jtftlned with hemacoxylln -eoAln. For ImmunohUnochemlcal 
fiulnlne, seaioM were Incubated in 0.01 M dtratB bufTter, pH f unjj 
hciBbitl by niloovwave (750 V/j io boiling for 2 min and oooked at 2096 mU 
power for a mnher 20 mln. liie samplei whtp. left In the heatod buffer tdf 
20 iiiin. then rinsed with dlfitWled water and blocked with a solution of 1% 
BSA In PDS coniainUig 0.5% Triton X-IOO. The ficctiona ware nalned wtrh 
an ftntl'l>t-NA (hC1«) iiiou2so| monoclonal unUbody eSanu Cna Biotech- 
nology. Santa Cnia, CA) and detected Uidng the RnVlilon+ MRP^MooW 
(PAKO, Copenhagen) kU developed with 3-em1no-0^(liylcarba:^ola and 
countemalned wlrh hemarrwiyi^n. 

RESULTS AND DISCUSSION 

Aa Adenoyiral-Based jcif/ie Therapy Strategy tot 
Traosient HypeC-IL-G Deliv&y In Viva 

After a single intrapor1t!onfial Inlocdon of a small dose (10*^ 
iransduclng units, tu) of tiie adenoviral vector 
Ad.HlWgfp (Plg. U). Ilnto normal, otherwlso untreated 
C57BI/6 mice, a subsiianclal but transient expression of 
the designer cyiokinejcoulcl be deteaed by human lL-6 
ELlSA. Hypef-IL-6 starujm levels reached a peak of approx- 
imecely 20 ng/ml 2 days fbllowlng irtfectlon and rapidly 
diminished to widetBCUiUle levels by day 6 (Fig» lb). Sa- 
nam IflvoU of ttie Ad.MILflgfp-difectad hyper-lL-e proioln 
varlfed slgnificancly bejlween individual suli]ecrs, but the 
same pattern of exprbssion was observed repeatedly In 
numerous experiment. At this dose, the level of hyper- 
IL-6 expression did not produce any apparent morbidity 
in the mice. However, a dose of JO" TU produced notable 
morbidly, as manifest by ihe cessation of eating and 
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FIG. 2. Ad.HlLfi90) rMuces the 
appearance of o^litnduoed acute 
hapatiUs {n mice, (a) Oafi»^pon» 
anstysig. Serum ALT tovetf In mice 
7) 1 day fiQlMng [nduetfoo llvar 
aamage with u sublethal tion of pi^I 
(25 mg) And VMtmm 7 h ifiur wttf^ 
varying doses or Ad.HIL6o(^ or the 
convoT vectoTi AdiQfpi Tho average ALT 
serum taval In control 
o^gAl-admlnittered mka treated with 
pas, es derived from two separste 
mtpvrtmsna. Is shown (o-oar, AIT ■> 
Ser X 1336 U/L: n ° 14). Nermat, 
ALT lovoi In r^ornMi uncreited mieo. 

< 0,1 AfvJ "P < 0.016, compattd 
wim Ad.0()(v Studdni'ft cisr. (d end c) 
OHnporlion or 6orum ALT (b) tx>A AST 
(£) levels In mice (n " 6 per day) 
rollowtng Muctlon of IWsr dwnaoe 
with a f liblfiihai dose dfo-gal and 
treatment 7 h laCEr wich 10° TU 
Ad^HILBgfp AdJL-6 AdgQ? 
(A), or PBS (•). Day 0 iiipreientB 
Dateline valtios found hnomui mtoe 
More treatment with tHgal. Vflluei ara 
mflanfi ± SCM. 0.006 canpared 
with Ad.gfp-tresced mice, Stud6nt'« r 

tH9t* 



grooming behavior and assumption of Immobile 
hunched postures* followed by mortality thac r^h^d 
40096 tr\ >iome experiments. An identical dose of Ad.gfp 
produced no overt signs of Illness In Ihe animals. The 
cause of death of the mice that received the highest 
dose of Ad.HIiegfp Is not clenr. However, no evidence 
of liver damage wa5 found in ^ther moribund or de- 
cousod ariUrmls, m dtitermlned by both histological ex- 



amination of liver fiecLloii^ and analysis of semm 
transaminase levels. 



AdJULG Cknc Therapy AmoIiOratBS o-G^^ctiis^mine- 
Induced AiMtu Hep^ae Follure 
The Uver-speciAc tojdri D-galactosamine causes focal 



and difftise hepacocyce 



apopiosis followed by necrosis, 
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RG. 3. UvBf rsgorwrotlon and annancea survivat of FHF tonowtng rauna m virfth Ad.HlLGol|). (aO KaplarHMeler plot of survival folKMrtng 4 Ictnai da» cf D^l (90 
mg) In nmtA C57B1/B miod (/i « 24) iifvl troKrrant with ID" tU Ad.HlLjGcKp W. W. M.gff> (A), or P&S <•). <^ HffloptfihologlCAl Miytb. Lhm from anlmafc 
MministefEd o lechal ctoa of n^l (30 mg) and voanad with 1 0° TU Ad.HIL6gfp. TU Ad.gfp. or P&$ wore romovod i| day aftar tro^tment Norvrai; untrc«tBd rriouse 
th^r. lAer sectlanfl were luined wich tiematcuiyfh-easki left) wkh antl^MA Mtlbody (PCNA. rlghQ. Original magnlkatlDn x2O0. (c) HInesmm of 
potQomagDPCNA-posithnhQpatocytealnrnffirsec^^ ^ SEm arzooQ nuclei oounced (/?-• Z. Norm9tt^ern-° i)- 



Inniirailan nr palymorphontjclear cells, exilatgement of 
macrophage resemblirA drug-induced hepatitis, and he- 
patic failure (13-15), Treatmeni of mice with a sublethal 
doseof i>ga1 (26 mg) Induces substantial IWer damage that Is 
mwnifBiit by a translont Increase In serum levels of liver- 
roiflfod on^mos (Fig. 2). The effect of the D-gal is rapid, and 
tlvor damage is clearly obscrvablo within several hours fol- 
lowing D-gal administration (I& IT). Blevated serum levels 
of liver transaminases reach a peaH on the first day following 
i>-gal creatment, but decrease thereafter and are completely 
resolved by day 3 In surviving animals. In order to deter- 
mine whBther a liver-directed gene therapy strategy can 
maintain liver iWiction and arrest ptJgresstng liver iiecnisb, 
we perfomied a dose-i«sponse analysis using from 10^ to 
lO** TU of tlie Ad,HIL6g^ vector given 7 h post-D-|^ ad- 
ministration. The results of this analysis revealed that doses 
of itf*-l 0" TU wore almost equally effecttve In treatment, of 
liver iqjury (Fig, as manifesst by tl^ie reduced serum 
u^enaamloase levels in comparison to the o-gal-tfeaied con- 
trol A dose of 10'' TU was less effective fn preventing the 
appearance of liver irjury and a dose of 1 0* TU was Ineffec- 



tive (data not Shown). HWever Ln contrast to Its effect on 
normal mice, a dose of l6** TU of tho Ad,HIL6g^ vector in 
The D-gal-trftatftd animalfe was neither lethal nor notably 
toxic Wtien fbUowed uvtr « peritKi of several dayw (Pigs. 2b 
and 2c), mice that were I treated with the optimal dose of 
Ad-HlL6g^ (10^ TU) displayed only mild liver in|uiy. which 
was signiftcantly less than all other groups. Mice treatBd 
wirii the control adenoviral vecrnn*, AdgfJ) (10* 111), or 
Ad.lL69f|f» (10** TU) dlspjlayed the typical pattern of Jiver 
injury similar to that ofi the PHS-treated control mice. In 
several experiments, it appeared that the mice treated with 
Ad.gfp had even greater! liver Injury, which might be ex- 
pected from die reporleld cyU>pal}jlt eCfeCt of adenovifal 
vectors (18. 19), But this effect was not Significant {P> 0,33). 

Tteatmmt Midth AdMmgfp Reduces Lethality alter 
P'CaJ-Induced FHF ; 

Within less than I day following cre-atment with a le- 
thal dose of ivgal (30 mg^mouse). mice develop apoptosis 
and diffuse necrosis of the liver parenchyma (ifi. 17) that 
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rapidly progresses to FHF and death (P«g. 3a). Pew of the 
PBS coAtf ol-tf eated mice survived to day 7 following u-gal 
Hdmlnlftmtlun (Fig. 3a) and mice treated with the control 
adenoviral vector, Adgfjp, ftilred equally poorly. Hls- 
topathologlcal analysis of liver!* taken from PBS-created 
and Ad.gfp-treatod mica that remained alive 24 h follow- 
ing a lethal dose of i>gal revealed focal to extanslve ne- 
crosis accompanied by infiltration of polymorphonuclear 
cells (Pig. 3b), explaining the rapid deterioraUon and 
death of the animals. Liver sections from mice treated 
with Ad.ILGgfp had an appearance similar to that of the 
PBS-treated cunlrols, but nevertheless had consistently 
higher survival rates, suggesting that despite the poor 
hlfttopatholoftical profile the IL-6 vector indeed provided 
a small therapeucic effect. In comparison, mice created 
with Ad.HIL6gfp maintained a fairly normal liver mor- 
phology with little or no inflammation and only occa- 
sional apoptotlc bodies. Almost all of the AdJflLGgfp- 
treated animals recovered from the lethal effects of the 
15-gal by day 7, All mice that survived to day 7 remained 
alive far the duration of the 3-week obscrvatton period 
following treatment. To determine whether tlie mainte- 
nance or liver function and survival of the Ad.HIL6gfp- 
ii^ated mice were associated with hepatocy(:e prollfbra" 
tlon we performed immunohlstucihatnical scalnlng for 
proliferating cell nuclear antigen (PCNA) to assess the 
fraction of hepatncyces that are In the S phase of the cell 
cycle 1 day following rreatment (Fig. 3b). In Ad.lULSgfp- 
treated mice, the number of PCNA-pnasltive hepatocytes 
was dramatically higher than In cither the Ad.gfp-treated 
mice OP the PBS-ireated mica The labeling inrte)c analysis 
showed that about 50% of the hepatocytes were in mi- 
totic cycle In the Ad.HIlSgfp-treated mice at 24 h post- 
T/eatmenCt compared to 8% in control groups and about 
3% in nonnal mouse Uver (Fig. 3c). 

Here we havB demnastraced that a single low-dose ad- 
minlstraclon of a recombinant adenoviral vector carrying 
Lhe detitgner cytokine gene hypcf-TT^-fi inhibited apoptosls 
and necrosis and stimulated hepatocyte proliferation, re- 
sulting In maintenance of liver function and complete 
i-ecnvery from fulminant hepatic fiallure. Systemic admin- 
l<iiral-1on of adenoviral vectors overwhelmingly favors 
transducTlon of liver (20), In this study » wo have taken 
advantage of this empirical preference of hepatocyte 
iransduction with the aim of increasing local hype^IL-<6 
concentrations in the Uver parenchyma. In a strategy of 
this design, the efficiency of vector trannducaon will de- 
pend on the amount of healthy tissue available for vector 
transduction. In this study we have observed tliac despite 
Lhe presence of active liver disease progression In ihe 
treated animals at the titne of vector administration, 
r/aniigono ftxpress^on was signll^cant and effeaive, ThU 
observation, In agreement with that of Nakatlnie(ay> (21), 
supports the notion that transient or regulated e)rpres&lon 
of a gene therapy delivered product targeted to the liver 
can serve as a therapeutic strategy even in the presence of 
severe, progressing liver disease. Whether altemaUve 



routes of vector administration, such as Intramuscular 
Iryoctlon. can be oqual);^ offbctlve In the treatment of FHF 
will be addressed in fixture studies. In conclusion, lhe 
results of this study demonstrate the therapeutic potential 
of hyper-H-d to treat and reinforce the corvcept that 
stimulation of hepatocyte rageneratlon can serve as a 
thctrapoutlc strategy to obviate the necessity of Uver trans- 
plantation and enhance survival from an otherwise fatal 
condition. j 
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